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INTRODUCTION
The M inistry of Defence's d e fin itio n  of Electromagnetic Com patibility 
(EMC) as specified in AvP 118 (MOD(PE) Guide to EMC in A irc ra ft Systems) 
is
"The a b il i ty  of e le c trica l and electronic equipment, sub-systems and 
systems to share the electromagnetic spectrum and perform th e ir  desired 
functions without unacceptable degradation from or to the environment in 
which they e x is t."
This thesis concentrates on the EMC of m ilita ry  a irc ra f t ,  which is  a 
specialised f ie ld  with l i t t l e  margin fo r e rro r. EMC in th is  context 
refers to the operation of a ll systems on the a irc ra ft  without 
degradation in performance caused by both onboard and external sources 
o f r f  emissions.
The highest power generators of electromagnetic (em) radiation onboard 
an a irc ra ft  are i t s  own transm itters and radars. The highest external 
r f  sources are also transm itters or radars, the severest external 
environment being found on a ship onto which helicopters and a irc ra f t  
have to land.
To ensure that EMC is  achieved on the a irc ra ft  EMC testing  to defined 
standards or specifications is  required. EMC testing is  at the present 
time s p li t  in to  two phases. F irs t ly  the equipment is  tested in 
commercial tes t laboratories (tes t houses) fo r compliance w ith the 
relevant EMC specification or standard. Secondly when ins ta lled  on the 
a irc ra f t ,  i t  is  both tested fo r com patib ility  with the onboard r f  
environment by exercising a ll the systems on the a irc ra ft  and fo r 
immunity to the external environment by exposing the a irc ra ft  to an
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array of high power radio and radar transm itters at close range. In the 
UK, the levels to which the a irc ra ft  and armaments are to be cleared are 
specified; but at the present time the tes t methods are not.
In the testing at commercial tes t laboratories, both the interference 
emitted from the equipment and i ts  response to external interference is  
measured. In both cases two basic types of measurements, conducted and
radiated, are made using a varie ty o f sensors such as current probes and
antennas. In the former r f  energy is  measured or in jected d ire c tly  onto
the w iring of the equipment under te s t (EUT) by means of voltage or
current transformers. In the la t te r ,  r f  energy is  measured or in jected 
by means of antennas placed a fixed distance from the EUT.
The second phase of the testing is  the EMC clearance t r ia l  which fo r  
m ilita ry  a irc ra ft  is  conducted at the A irc ra ft and Armament Experimental 
Establishment (A&AEE) at Boscombe Down. As a resu lt of th is  t r ia l  the 
maximum r f  environment in which the a irc ra ft  should be allowed to 
operate is  recommended. This t r ia l  should be performed p rio r to release 
of the a irc ra ft  to the services but often i t  is  completed a fte r entry 
in to  service.
I f  a serious EMC problem is  noted during the clearance t r i a l ,  attempts 
are made to correct the problem but at th is  stage i t  is  very expensive 
to introduce modifications in to  the equipment and often impossible due 
to the space constraints in the equipment case. This w il l  have been 
pared down to the smallest possible size, space and weight being a t a 
premium on modern m ilita ry  a irc ra ft .
I t  is  therefore extremely important to remove any EMC problems from 
equipment p r io r to in s ta lla tio n  on the a irc ra ft  and therefore i t  is
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essential that EMC equipment specifications adequately measure an 
equipment's EMC performance to re a lis t ic  levels of r f  energy which i t  
w il l  see in service.
This report discusses the shortcomings and lim ita tio n s  of ex is ting  EMC 
equipment specifications used during phase 1 and discusses the programme 
of work which has been undertaken during the past seven years to remove 
these shortcomings. This at f i r s t  involved minor revisions to existing  
specifications followed by the development of new tes t techniques. Both 
programmes are described in th is  report together with th e ir  evaluation 
both in the laboratory and onboard a irc ra ft .  The re lationship of phase 
1 equipment tests to phase 2 a irc ra ft  tests is  also discussed.
Some of the improvements discussed in th is  report have already been 
included in various EMC specifica tions, and a model EMC specifica tion  
fo r a irc ra ft  equipment has recently been issued as RAE Technical 
Memorandum FS(F)510, incorporating the results o f th is  work.
This report s p lits  lo g ic a lly  in to  three major pa rts :-
The f i r s t  part containing sections 1,2 and 3 is  the introduction and 
also discusses the h is to rica l and technical requirements against which 
the need fo r th is  work has evolved.
The second part containing section 4 discusses te s t methods in existence 
at the time of the commencement of th is  work, dealing w ith th e ir  
shortcomings and the minor revisions that were made in an attempt to 
make them more re a lis t ic ,  repeatable and cost e ffe c tive .
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The th ird  part discusses the development of new tes t techniques where 
minor revision of ex isting te s t techniques was im practical. Here, the 
main thrust has been in the revision of su sce p tib ility  tes ting . This 
was deliberate because of th e ir  increasing importance with the advent of 
more complex e lectronic a irc ra ft  systems, as w il l  be discussed la te r . 
I t  also deals with the evaluation of these techniques and th e ir  impact 
on a irc ra ft  clearance methods.
The respons ib ility  fo r the d irection of the work and the development of 
the new tests was that of the author's although many o f the measurements 
were made by colleagues and by ERA Technology Ltd who have a team 
attached to the Royal A irc ra ft Establishment (RAE) under the technical 
d irection of the author.
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2 BACKGROUND
2.1 B rie f History of the Derivation of M ilita ry  A irc ra ft EMC 
Specifications.
Up to the present day the leading EMC specifications and standards fo r 
a irc ra ft  have come from the USA and had th e ir  o rig in  towards the end of 
World War 2 (reference 1).
These early EMC specifications were designed to protect communications 
equipment operating over the frequency range 2 to 30 MHz. The
measurement receiver was connected to a long wire antenna which ran
inside the length o f the fuselage and only emission measurements were 
made.
These specifications contained no lim its  but in June 1950 MIL-I-6181 was 
introduced containing lim its  and su sce p tib ility  tests . These lim its  
were based on the threshold of ex isting equipment s e n s it iv it ie s .
From then on, the various procuring agencies issued well over a hundred 
individual specifications to meet th e ir  requirements. This led to to ta l 
confusion amongst the contractors who had to meet EMC requirements.
As a resu lt the USAF issued a tr i-s e rv ic e  specifica tion MIL-STD-826 in
an attempt to ra tiona lise  the s itua tion  in which both the te s t methods 
and lim its  were standardised. However some agencies did not regard i t  
as meeting th e ir  requirements and discussions were held over several 
years to attempt to produce a universal standard, and the resu lt was the 
MIL-STD-460 series (reference 2).
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I t  was not long, however, before the individual services issued 
amendments to ta i lo r  the document to th e ir  individual requirements 
resu lting  in the present confused s itua tion .
The f i r s t  UK m ilita ry  a irc ra ft  EMC specifica tion was produced by RAE 
Farnborough in October 1952 (reference 3). I t  was designated EL1716 and 
contained tes t procedures and lim its  fo r voltage measurements only. 
F ield strength measurements were not specified as i t  was stated that 
these were too unre liab le.
A fte r th is , in  the UK, the EMC specifica tion became part of the c iv i l  
a irc ra ft  environmental specifica tion BS 2G100 which was la te r  
superset ec) by BS 3G100 (reference 4 ). Although the B r itish  
Standards were and s t i l l  are c iv i l  documents, they were used by the 
m ilita ry . With the increase in severity, however, of the external 
m ilita ry  environment, more stringent su sce p tib ility  tests were required. 
As a resu lt a new specifica tion was produced fo r each new m ilita ry  
a irc ra ft  p ro ject. In para lle l an attempt was made to produce a 
tr i-s e rv ic e  UK specifica tion covering ships, vehicles and a irc ra ft  - 
Defence Standard 59-41 -  however i t  took ten years to produce and was 
obsolete by the time i t  was published and was never used fo r m ilita ry  
a irc ra ft .
This procedure was very wasteful and as a resu lt i t  was decided in 1981 
to produce a master m ilita ry  EMC specifica tion on which future pro ject 
specifications could be based. This specifica tion would be regu larly  
updated in the lig h t  of new knowledge and was f i r s t  issued as RAE 
Technical Memorandum FS(F)510 (reference 5). At the present time i ts  
technical requirements are being incorporated in a revision o f DEF-STAN 
59-41.
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2.2 Research Programme Background
As described in the previous section, early EMC specifications and 
standards were w ritten  to protect voice communication equipment and the 
lim its  were based on the s e n s it iv ity  o f these equipments. Since then, 
methods and lim its  have been adjusted in the lig h t  o f experience, to 
provide a specifica tion which i f  met , would minimise EMC problems on 
the a irc ra ft .  In essence, specifications had become purely contractual 
documents to ensure that a degree of EMC is b u il t  in to  the equipment.
For some time, however, there has been a severe lack of confidence in 
EMC q u a lifica tio n  testing  by both avionic equipment designers and those 
responsible fo r assessing the overall EMC performance of the a irc ra ft  
before i t  is  released fo r operational service. With the functioning o f 
f l ig h t  c r it ic a l systems increasingly re lying on e lectron ics, the 
pressures have increased in the UK at least, to remove the deficiencies 
in te s t methods and introduce rad ica lly  d iffe re n t concepts.
The d issa tis fac tion  has two sources. F irs t ly ,  i t  has become common 
knowledge that due to i l l  defined tes t procedures, d iffe re n t EMC tes t 
houses produce s ig n ifica n tly  d iffe re n t results and re p e a tib ility  does 
not e x is t. The e ffec t is  tha t EMC has become known as a black a rt with 
l i t t l e  s c ie n tif ic  basis. As a re su lt the requirements of the EMC 
specifications have not been r ig id ly  enforced with resultant problems in 
the fin a l in s ta lla tio n .
The second source of d issa tis faction  is  even more important; i t  is  that 
the results of equipment level EMC testing cannot be related to the 
complete system assembly in the a irc ra ft  electromagnetic environment. At 
some stage in the procurement cycle -  in the UK at the Aeroplane and
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Armament Establishment (A&AEE), Boscombe Down, and at s im ilar 
establishments in  Europe and the USA -  the a irc ra ft  must be cleared fo r 
release in to  service. These EMC clearance t r ia ls  were based on exposing 
the a irc ra ft  systems at spot frequencies to both i ts  onboard and 
external transm itters, to simulate the operational environment in which 
the a irc ra ft  must operate. Any system malfunction was noted. This type 
of te s t, however, neither indicates how close the system is  to fa ilu re  -
i t  is  a go/no go te s t -  nor does i t  bear any re lationship to the
equipment level tests .
Another problem has arisen concerning the lim its  used. As these have 
been adjusted with hindsight a fte r each new project they have often been 
too lax resu lting  in serious EMC problems. However to get project 
o ffices and designers to accept more stringent requirements ca lls  fo r  a 
restoration of confidence in EMC testing .
As a re su lt, a research programme was undertaken by the RAE to improve 
the s itua tion . I n i t ia l ly  existing tes t methods were examined to 
determine th e ir  repea tab ility  and whether the results could be used to 
aid a irc ra ft  clearance. The main methods examined were those based on
US standards MIL-STD-461 (change notice 3) and MIL-STD-462, as most
European m ilita ry  specifications are derived from these standards. This 
has resulted in some minor improvements which w il l  be described la te r . 
F ina lly  new tes t methods were developed where existing methods were 
unsuitable, and these have been included in new specifica tions. The 
re lationship of these tests to a irc ra ft  EMC clearance t r ia ls  was 
studied, and suggestions fo r revised clearance procedures produced.
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3 BASIC MECHANISM OF ELECTRO-MAGNETIC INTERFERENCE (EMI)
3.1 General
This section describes the mechanism of interference, the problems i t  
can cause, and the mechanism by which i t  can couple in to  systems.
3.2 The Interference Problem
There are two basic aims that EMC specifications are try ing  to achieve.
F irs t ly ,  tha t ins ta lled  equipment is  mutually compatible w ith in  the 
airframe and secondly, that the external em environment in which the 
a irc ra ft  operates does not a ffe c t the onboard systems.
Interference is  normally categorised in to  two main types, narrowband and 
broadband and the undesired interference generated by systems and 
measured by the emission tests can be narrowband and/or broadband. The 
term narrowband emission means that the frequency spectrum occupied by 
the interference or emission is  less than the reference or measurement 
bandwidth. The term broadband emission means that the frequency 
spectrum occupied by the emission is  greater than the reference or 
measurement bandwidth (providing the spacing of the individual frequency 
components of the emission is  less than the measurement bandwidth).
Broadband emissions can be of two forms: coherent and incoherent. For 
a signal or emission to be coherent the adjacent frequency components of 
the signal are related in amplitude and phase. For broadband signals 
the adjacent frequency components of the signal are equal in amplitude 
and in phase and when measured, the amplitude of the measured signal is
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d ire c tly  proportional to the measurement bandwidth providing the
requirements of the previous paragraph are met.
For a signal or emission to be incoherent, the adjacent frequency
components are random in e ithe r phase or both phase and amplitude and 
when measured the amplitude of the measured signal is  proportional to 
the square root of the measurement bandwidth.
Typical coherent broadband sources can be d ig ita l systems and strobe 
lamps: typ ica l incoherent broadband sources are noise diodes, corona 
discharges, and internal receiver noise.
The emission tests p rim arily  prevent unneccessary loss o f receiver
s e n s itiv ity  and the su sce p tib ility  tests p rim arily  ensure equipment is  
immune to the high r f  levels generated by intentional transmissions from 
both onboard and external sources such as radars, communications
equipment, navigation equipment and jammers. The main signals from
these are of a "narrowband nature" occurring a t discrete frequencies.
S uscep tib ility  tests are especially important to evaluate the e ffe c t o f 
such transm itters on f l ig h t  safety c r it ic a l systems i .e .  systems whose 
fa ilu re  would hazard the a irc ra ft .  Examples of such systems are those
used fo r engine control and f l ig h t  contro l, the la t te r  coming to
prominence with the advent of " f ly -b y - wire" a irc ra ft .  In these 
a irc ra ft  the lin k  between the p ilo t 's  controls and the a irc ra f t 's
control surfaces is  e lectronic with no primary or secondary backup 
mechanical linkages. Fly-by-wire a irc ra ft  are designed to be inherently 
unstable which gives them a superior aerodynamic performance in 
comparison with mechanical contro l, but to ta l fa ilu re  of the f l ig h t  
control electronics would resu lt in the loss of the a irc ra ft .
-15-
Loss of receiver s e n s itiv ity  is  p rim arily  caused by interference 
coupling via the antenna. I f  the interference is  in-band, loss of 
s e n s it iv ity  is  obviously a d ire c t e ffe c t. I f  i t  is  out o f band and of 
a high enough level causing non-linearities  in the fro n t end stages, 
harmonic generation and intermodulation may occur and produce in-band 
interference. Intermodulation is  the mechanism whereby two or more 
in te rfe rin g  signals in te rac t to produce additional signals of 
frequencies which are the sums and differences o f in tegral m ultip les of 
a ll the signals present:-
For two frequencies ( f 1#f 2) a t the input:
Possible resultant intermodulation product frequencies = [mf^ ± nf2] 
where n, and m are integers 1,2,3 . . .e tc .
The normal cures are, fo r d ire c t in-band interference the antennas and 
feeders are re-s ited  i f  feasible and fo r out of band interference, 
f i l te r in g  is  normally used.
In non-communication equipment, the major interference problem is  from 
on-board or external in tentional transmissions. Generally below 1GHz 
coupling into the equipment is  via the w iring . Above th is ,  penetration 
of the equipment case may predominate with the main leakage being 
through c r t  displays, meters, switches, jo in ts  etc. Gasketing and 
metallised f ilm  coatings on display screens are employed to reduce 
problems.
The normal interference mechanism in such /cases is  fo r the r f  to be 
demodulated by non-linear junctions such as those in semiconducters and 
i f  the frequency is  high enough, soldered jo in ts .  The frequency of the 
demodulated signal is  then usually w ith in  the passband of the v ic tim  
system. I f  the in te rfe ring  signal was unmodulated (ie  continuous wave
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(CW) which can be considered to have a modulation frequency of 0 Hz) 
then the re su lt is  tha t the demodulated signal is  dc which causes a
s h if t  in  bias of the c irc u itry .  I f  the modulation is  ac then the
demodulated signal causes a spurious ac response in the c irc u itry .
With analogue systems the spurious response tends to obey a "square law" 
re la tionsh ip  because of the demodulation mechanism. With d ig ita l 
systems however, th is  square law does not apply and " c l i f f  edge"failures 
may occur whereby a small increase in the level o f the in te rfe r in g  
signal causes to ta l corruption of the d ig ita l signals. These effects 
are minimised by employing in -b u i lt  diagnostics and m ultip le  redundancy 
such tha t the system can detect the parts which are being corrupted and 
ignore th e ir  inputs or "vote them out".
The r f  need not couple to a system via i ts  signal input leads to cause a
problem. Any interface lead must be considered as a potential route. 
Cases have occurred where interference has coupled to the signal output 
leads and fed to the input via an active feedback loop which also 
demodulated the signal.
The main onboard cause of interference problems is  usually the HF 
transceiver which has output powers o f up to lkW peak envelope power 
(PEP) in single side band (SSB) mode. I t  is  normally the highest power 
communication system on the a irc ra ft  and operates in the frequency band 
where the dimensions of the a irc ra ft  structure are a s ig n ifica n t frac tion  
of a wavelength. The fuselage o f a modern m ilita ry  a irc ra f t  is  
ty p ic a lly  h a lf a wavelength long in the region 8-12 MHz and tends to act 
as part of the antenna system with maximum radiation e ffic iency  occuring 
where the fuselage is  resonant.
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HF systems are notoriously in e ff ic ie n t with a maximum of 5% o f the power 
being transmitted w ith the remainder coupling in to  the a irc ra f t 's  
w iring . The use of SSB modulation where a ll the transmission power is  
in the modulation is  the most l ik e ly  type to cause system corruption 
especially in f l ig h t  control and engine control systems; the amplitude 
of the e ffe c t varying w ith the amplitude of the modulating s ignal. This 
amplitude varia tion  normally occurs with voice modulation at a frequency 
of 0.5 to 5 Hz which is  w ith in  the pass band of the analogue processors 
of such systems.
3.3 E ffect of Bad In s ta lla tio n  Practices
Irrespective of the success or otherwise at the laboratory testing  
stage, the achievement of overall com patib ility  w il l  depend on equipment 
performance in the actual in s ta lla tio n . One of the major differences 
between the in s ta lla tio n  in the laboratory and on the a irc ra ft  is  the 
termination o f shielded cables. The shields should be clamped through 
360 degs on the backshell o f the connector at both ends o f the loom. 
The connector/socket/case interface must be low impedance to preserve 
the "Faraday sh ie ld ". However normal a irc ra ft  in s ta lla tio n  practices 
ignore advice given by EMC experts and use time honoured in s ta lla tio n  
practices such as connecting shields at one end of the loom only and 
then via a long p ig ta il to a grounding point. This p ig ta il can be as 
much as 1 metre long and may be very e ffec tive  as a pick-up device i .e .  
receiving antenna. These practices have the e ffe c t of making the screen 
merely surplus weight giving no protection at r f .  Also the socket/case 
interface is  often poorly bonded due to anodisation or pa in t.
The use of feedthrough capacitors to suppress r f  on incoming lines is  
sa tis factory in the laboratory where the equipment case is  bonded to the
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shielded room copper ground plane but th e ir  performance is  severely 
degraded when the case is  mounted on rubber an ti-v ib ra tion  mounts with 
the only bonding to the airframe via a length o f th in  wire.
The achievement o f good EMC in an a irc ra ft  is  not d i f f ic u l t  providing 
good in s ta lla tio n  practices, equipment design and common sense are 
applied from the e a rlie s t design stages of the p ro ject. I t  is  ce rta in ly  
fa r easier and cheaper than try ing  to retrospectively achieve EMC in a 
fin ished a irc ra ft  which has problems because these practices have been 
ignored.
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4 DISCUSSION ON EXISTING TEST METHODS
4.1 General
This section discusses tes t procedures current at the s ta rt o f the work 
programme and suggests minor improvements to them. Many o f these 
improvements have been incorporated in BS 3G100 and in FS(F)510 together 
with some individual project specifica tions. Prim arily the discussion 
is  centred on MIL-STD-461 (change notice 3) and MIL-STD-462 which have 
tended to be the lead EMC standards but reference is  made to the B r it is h  
Standards EMC specifica tion BS 3G100 (1973) where the difference in te s t 
methods are s ig n ifice n t.
Two main areas o f testing are not discussed in th is  report and they are 
transient tests -  which are being revised a t the present time and 
transm itte r/rece iver orientated tests such as the measurement of squelch 
leve ls , intermodulation performance, and fro n t end re jec tion . Although 
these are included in  the US EMC standards, in  the UK they are normally 
been regarded as performance type tests and are specified in the 
equipment performance requirements.
EMC testing is  s p l i t  in to  two major sections; emission tests and 
su sce p tib ility  tests and each of these is  subdivided in to  radiated and 
conducted tes t methods.
Emission testing  is  performed to ensure the equipment under te s t (EUT) 
does not emit r f  voltages or f ie ld s  which could in te rfe re  w ith other 
equipments onboard the a irc ra ft .  These interference levels are 
determined by measuring the levels of voltages and currents on the 
w iring looms of the equipment over the frequency range 20Hz up to 150MHz
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and the radiated fie ld s  surrounding the EUT over the range 20Hz to 
18GHz.
S uscep tib ility  testing  is  performed to ensure the EUT w il l  be capable of 
performing i t s  designed functions in the r f  environment in  which i t  must 
operate. This environment is  created by other equipments, onboard 
transm itters and external transm itters with the most hos tile  r f  
environment being found when a irc ra ft  operate from the close confines of 
a ship (e.g. from a through deck c ru ise r). Tolerance o f both conducted 
r f  levels on the EUT's w iring looms and a surrounding r f  f ie ld  are 
measured with conducted measurements being performed from 20Hz to 400MHz 
and radiated measurements from 20Hz to 18GHz.
The measurements of voltage, current or f ie ld  strength fo r  both emission 
and su sce p tib ility  tes ts , are made using tunable receivers or spectrum 
analysers with appropriate sensors (antennas, current probes e tc .) 
These receivers or analysers have a nominal input impedance of 50 ohms 
and the voltage induced at the input to the receiver is  measured on a 
logarithm ic scale in terms of dB's re la tive  to one m icrovolt (dB(uV)). 
This reading is  corrected to the quantity being measured, 
current,voltage or f ie ld  strength, by the addition o f the correction 
facto r o f the sensor being used. Currents are normally expressed as 
dB's re la tive  to luA (dB(uA)), e le c tr ic  f ie ld  strengths as dB(uV) per 
metre, magnetic f ie ld  strengths as dB(uA) per metre. I f  the measurement 
is  of broadband emissions these quantities w il l  be related to the 
reference bandwidth e.g. dB(uV)/m/MHz.
This part of the report discusses the four main tes t method d iv is ions 
separately: conducted emission, radiated emission, conducted
s u sce p tib ility , and radiated su sce p tib ility  tests .
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4.2 Equipment Layout
4.2.1 Shielded room requirements.
A ll m ilita ry  equipment EMC q u a lifica tio n  tests are normally performed in 
a shielded room. This ensures the interference levels measured are 
generated only by the EUT and also that the em fie ld s  generated during 
the radiated su sce p tib ility  tests do not in te rfe re  with other spectrum 
users such as a ir  t r a f f ic  control and emergency services.
The shielded room is  defined in MIL-STD-461 to be of adequate size to
ensure tha t during the radiated tests no part o f the antenna is  nearer
than lm to the w alls. In BS 3G100 i t  was specified tha t the minimum
size of the room should be 2.5m high X 2m wide X 4.5m long. This
however is  too small to allow adequate clearance around the tes t
antennas and ce rta in ly  does not leave room fo r the fitm ent o f any r f
absorber. The MIL-STD requirement is  probably the minimum that can be
allowed and larger clearances are to be preferred.
In the 1980 revision of BS 3G100 the minimum size o f the room was
changed to 3m high X 3m wide X 4.5m long.
The specifications require that the degree o f shielding the room offe rs
and the degree of f i l te r in g  on the power supplies in to  the room is
s u ffic ie n t to ensure that with the EUT switched o ff  the background noise 
is  at least 6dB below the specifica tion lim its  fo r the relevant te s t 
being conducted. In FS(F)510 th is  has been altered to lOdB.
The specifications did not include any requirements with regard to 
placing tes t equipment or automatic tes t equipment (ATE) external to the
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te s t room. As these items can cause measurement problems by generating 
interference in th e ir  own r ig h t, i t  is  essential tha t they should be 
sited external to the tes t room preferably in a shielded annex, with a ll 
connections to the EUT or EMC sensors via shielded bulk-head connectors 
to prevent r f  flowing between the two rooms. As fa r as ATE or simulated 
active loads are concerned, the lines to these should be f i l te re d  to 
prevent conducted r f  flowing between the rooms.
4.2.2 Ground plane requirements
The EUT is  normally mounted on a m eta llic  ground plane (unless hand 
portable) which is  specified as being of copper or brass (so lid  plate) 
of thickness 0.25mm fo r copper and 0.63mm fo r brass. The ground plane 
must be at least 2.25 square metres in area with a smaller side no less 
than 0.76m. I t  should be bonded to the wall o f the shielded enclosure 
at distances no greater than 0.9m. The dc resistance of these bonds 
should be less than 0.25 milliohms.
The ground plane requirements specified in FS(F)510 are based on those 
in  previous specifica tions. At the time there were no va lid  technical 
reasons to change them especially as a ll the tes t laboratories met the 
existing  requirements.
I f  the equipment is  large and rack mounted, the rack is  designated as 
the ground plane and should be bonded accordingly.
As the bond impedance is  only specified at dc, varia tions in tes t 
results must resu lt from variations in bonding impedance at the EMC te s t 
measurement frequencies.
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I t  is  also arguable tha t the ground planes used in EMC testing do not 
simulate the practica l in s ta lla tio n . On a irc ra ft ,  the ground plane is  
the fuselage which normally consists o f panels of aluminium riveted 
together with the jo in ts  "insulated" by chromate primer giving very poor 
continu ity  at r f  and hence a poor ground plane.
The position of the EUT on the ground plane is  normally specified as
being 10cm from the fro n t edge of the ground plane to the w iring and the
"no is ies t" face of the equipment case facing the antenna making the
radiated measurements. Figure 1 shows a typ ica l layout. However the
specified layout is  d i f f ic u l t  to achieve in a multi box EUT with long 
w iring looms. The w iring is  also specified as being raised 5cm above 
the ground plane to produce a "worst case loop" fo r radiated emission 
tests . The w iring is  raised above the ground plane to simulate the fa c t 
tha t in  a practica l in s ta lla tio n  the w iring w il l  not be clamped against 
the a irc ra ft  skin which would reduce radiation from i t .  However the 5cm 
spacing is  purely a rb ita ry .
4.2.3 Bonding of the EUT
This is  normally required, quite co rrec tly , to simulate the actual 
a irc ra ft  in s ta lla tio n  in a ll aspects -  such as size and m ateria l. I f  
a n ti-v ib ra tio n  mounts are used on the a irc ra ft  they should be used in 
the te s t, and only those points on the EUT which are actually bonded to 
the airframe should be bonded during the tes ts . Too often these points 
are ignored by the testers.
I t  has become apparent during the work programme that the bonding o f the 
EUT is  one of the most s ig n ifica n t factors in achieving results tha t can 
be related to the practical in s ta lla tio n .
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4.2.4 Loads
In MIL-STD-462 i t  states that the EUT should be fu l ly  loaded with the 
loads having the same reactance and resistance as in practice. I t  is  
important that th is  should hold fo r a ll measurement frequencies as a 
change in terminating impedance w il l  a ffec t the measured interference 
levels but i t  is  extremely d i f f ic u l t  to achieve th is  in  practice. As 
w il l  be seen la te r  th is  is  also important fo r the su sce p tib ility  tes ts .
4.3 Emission Testing
4.3.1 Measurement bandwidths
For both conducted and radiated emission tests narrow and broadband 
measurements are made to separate lim its . In the MIL-STD broadband 
measurements are referenced to a 1MHz bandwidth; in  BS 3G100 they are 
referenced to a 1kHz bandwidth. In the MIL-STD, the measurement 
bandwidths are not defined and with the advent o f m ulti bandwidth 
measurement receivers (previous receivers having only one bandwidth), 
discrepancies in results between various tes t houses have occurred. 
This is  because the d is tin c tio n  between narrow and broadband 
interference is  not well defined and is  dependent on the measurement 
bandwidth used. Furthermore, complex signals which may contain 
amplitude and phase modulation are d i f f ic u l t  to c lass ify  in  terms of the 
single d is tin c tio n  between broad and narrowband.
The advent of d ig ita l systems has also made the c la ss ifica tio n  of 
emissions more d i f f ic u l t .  For example, suppose the EUT has a noise 
source generating components o f equal magnitude every 3kHz, then when 
measured with a bandwidth o f 1kHz the interference w il l  appear as
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narrowband and when measured with a 10kHz bandwidth i t  w il l  appear as 
broadband. When corrected to the broadband specifica tion fo r the
MIL-STD, 40dB bandwidth correction is  usually added by the testers and 
fo r the B ritis h  Standard 20dB is  subtracted (as i t  is  assumed tha t the 
interference is  coherent and hence d ire c tly  proportional to the
measurement bandwidth). This gives an op tim is tic  reading fo r the
B ritish  Standard as i f  actua lly measured in a 1kHz bandwidth, the
reading would have fa lle n  by lOdB, an error of lOdB.
More arguments have been held over th is  one topic of EMC than any other. 
The best s c ie n t if ic  solution is  to analyse what each noise source in the 
interference emitted by the EUT is .  This would be extremely time 
consumming and costly .
The Americans have proposed in a recently published application note 
(reference 6) a procedure whereby the bandwidth is  varied across the
frequency range o f the te s t to values which would cause the narrow and 
broadband lim its  to coincide. The bandwidth to be used is  calculated 
from the equation:-
BW in kHz =1000 x an tilog10[(NB l im it  -  BB lim it) /2 0 ]
NB = Narrowband, BB = Broadband
This makes the assumption that the bandwidth correction facto r tha t 
would be applied would be tha t applicable to coherent interference i .e .  
interference amplitude d ire c tly  proportional to measurement bandwidth. 
As discussed e a rlie r th is  is  the normal assumption made by the tes te r.
For example, suppose at a given frequency the broadband l im it  = 
60dB(uA)/MHz and the narrowband l im it  = 40dB(uA) then the measurement
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bandwidth tha t would produce the same ind ication on the measurement 
receiver fo r narrow and broadband interference o f amplitudes equal to 
th e ir  respective lim its  (providing the broadband emission is  coherent) 
would be
The bandwidth of present measuring receivers cannot be continuously 
varied across the frequency band and so fo r each measurement band the 
nearest available bandwidth to cause the overlap of lim its  has to be 
selected. This does not lead to perfect overlap of the lim its  and where 
the interference levels fa l l  between the two lim its  . the usual 
narrow/broadband id e n tif ic a tio n  rules have to apply.
I t  is  therefore log ica l to go one step fu rthe r and have ju s t one l im i t  
lin e  and specify the bandwidths tha t shall be used. This is  what has 
been done in FS(F)510 and the bandwidths specifed are:-
Bandwidth (kHz) = 1000 x Antilog[(40-60)/20] 
= 100 kHz
FREQUENCY BAND IMPULSE BANDWIDTH
20Hz -  1kHz 10Hz + /-  5Hz
1kHz - 50kHz 100Hz + /- 50Hz
50kHz -  1MHz 1kHz + /- 100Hz
1MHz - 30MHz 10kHz + /- 1kHz
30MHz -  1GHz 100kHz + /- 10kHz
1GHz - 18GHz 100kHz + /- 10kHz
The lim its  are based on the previous narrowband lim its  of MIL-STD-461 
and BS 3G100.
When using th is  new procedure care has to be taken to ensure tha t the 
receivers are not overloaded by the presence of strong broadband 
signals.
A major advantage o f th is  technique is  that the time required fo r 
emission testing is  almost halved as only one run has to be made, as 
compared with separate runs fo r the narrow and broadband measurements.
A possible disadvantage of the method is  the possible loss o f 
information regarding the type of interference sources present. However 
i t  is  not part o f a q u a lifica tio n  te s t to provide diagnostic 
information, th is  can be generated separately i f  the equipment fa i ls  the 
te s t.
4.3.2 Conducted Emission Testing.
The tes t consists of two parts -  measurement of emissions on power lines 
and measurement of emissions on signal line s . In the UK th is  is  
performed over the frequency range 50kHz to 150MHz and in the US th is  is  
performed from 30Hz to 50MHz. In the US, current measurements are made 
whereas in the UK, voltage measurements are made on power lines and
current or voltage measurements are made on control and signal lin e s .
The te s t laboratory power supply impedances in to  which the power lin e  
conducted emission measurements are made, need to be standardised to 
give consistant results and th is  has caused the main difference in  th is  
tes t between the UK and the US. In the US (MIL-STD-460 series), the 
a irfo rce  inserts in series with the power supplies and the EUT a
feedthrough capacitor whereas in the UK a Line Impedance S ta b ilis in g  
Network (LISN) is  used. The c ir c u it  diagram and impedance
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characteris tics o f the LISN (as measured with the supply terminals short 
c ircu ited ) are shown in figures 2 & 3 as specified in BS 36100. The 
rationale of the US feedthrough capacitor is  to present a low impedance 
to produce a worst case r f  current flow to be measured using a clamp 
type current transformer or current probe, whereas the aim o f the LISN 
is  to present a s im ila r impedance to that presented to the equipment by 
the a irc ra ft  busbar across which the r f  voltage of the interference can 
be measured.
Measurements were made to determine which o f these methods gave a better 
representation of real l i f e .  Figure 4 shows the comparative 
impedance versus frequency curves over the range 10kHz to 10MHz. One 
shows the mean value of impedance o f a irc ra ft  dc busbars (made by ERA 
Technology Ltd on 30 a irc ra f t ) .  Another shows the impedance of a 
typ ica l BS 36100 LISN complete with 2 feet of cable (length as defined 
in BS 36100). I ts  impedance remains at approximately 50 ohms up to 150 
MHz. The maximum impedance is  lim ited  to 50 ohms by the standard input 
impedance o f the measuring receiver. The dotted lin e  extension of the 
curve shows the performance of the LISN below 50kHz: there is  a
resonance at about 22kHz which is  a function of the c irc u itry  of the 
LISN. However as the LISN was not used below 50kHz - there being no low 
frequency tes t in  BS 36100 -  th is  was not s ig n ific a n t. The th ird  curve 
shows the impedance characteris tic  o f a lOuF feed-through capacitor 
complete with 1 m of cable as specified in MIL-STD-461A. Below about 
50kHz the characteris tic  is  determined by the capacitor i t s e l f .  In the 
region of 50kHz, the capacitor resonates with the inductance of the 
cable between i t s e l f  and the EUT, and as th is  inductance is  dependent on 
the physical construction of the cable the resonance is  i l l  defined. 
Above th is  resonance the cable impedance predominates and increases with 
frequency. As the lOuF capacitor is  used over the frequency range from
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30Hz to 50MHz, the resonance and cable inductance a ffec t the 
measurements.
As can be seen, at frequencies above 50kHz, the LISN characte ris tic  is  
closer to the practical s itua tion  than the feedthrough capacitor. In 
addition, the impedance characte ris tic  in th is  frequency range is  
defined by the LISN's internal components which are fixed w ith in  close 
tolerances, rather than the w iring to the EUT, which is  variable.
The e ffe c t o f the d iffe re n t measurement techniques is  tha t manufacturers 
use d iffe re n t suppression techniques depending on the specifica tion  they 
have to meet rather than use the best fo r the a irc ra ft  in s ta lla tio n . In 
general i t  has been found that suppressing to meet the interference 
lim its  based on LISN measurements tend to give the best results in the 
a irc ra ft  in s ta lla t io n , although the optimum is  to use a combination o f 
both techniques. To reduce the interference currents when using the 
feedthrough capacitor requires the use o f series inductors whereas to 
reduce the r f  voltage using the LISN method requires shunt capacitors at 
the equipment term inals.
Although in the UK (BS 36100) conducted emission testing is  not required 
below 50kHz with the advent of sensitive navigation systems working at 
lower frequencies and with interference problems on audio systems 
increasing the requirement arose to l im it  interference at these 
frequencies. As a re su lt, the relevant audio frequency conducted 
emission tests CE01 -  power lines and CE02 -  control and signal lin e s , 
as defined by MIL-STD 461/462 were incorporated w ith in  the EMC 
requirements fo r individual projects.
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Apart from the inherent resonance problems outlined above, because the 
lOuF feedthrough capacitor becomes ine ffec tive  at these frequencies, the 
impedance of the tes t house power supplies which power the EUT during 
testing become s ig n ifica n t and affects the resu lts . The e ffe c t of these 
supplies on the results can be dramatic and ERA Technology Ltd were 
contracted to measure the impedances o f the supplies at several te s t 
houses to determine the extent o f the problem (reference 7). Figure 5 
shows the varia tion  between two 28 v o lt dc power supplies a t a tes t 
house. Impedance variations of 100:1 re su lt. Figure 6 shows the e ffe c t 
of testing a piece o f avionic equipment to CE01 on these two d iffe re n t 
power supplies. Obviously th is  degree o f varia tion  was unacceptable.
One cause o f the problem was tha t the f i l t e r s  used on shielded room 
power supplies tend to resonate at 1200Hz. The lOuF feedthrough 
capacitor used to decouple the EUT's power supply from the te s t house 
power supplies has l i t t l e  e ffe c t a t these lower frequencies. The same 
problem would resu lt i f  LISN's were used. I t  was decided tha t the 
c r ite r ia  fo r the impedance of power supplies should be that they re la te  
to the impedances of a irc ra ft  power supplies. Figures 7 and 8 show the 
typ ica l impedance of ac and dc busbars as seen by avionic equipment on a 
fixed-wing a irc ra ft  and helicopter. The specification fo r the maximum 
allowed impedance of dc supplies in UK te s t houses now imposed is  shown 
in figure  9.
A rapid solution to achieve compliance with th is  requirement, as fa r as 
dc supplies are concerned is  to inse rt a large capacitor o f a t least 
30,000uF across the supply lines inside the shielded room downstream of 
the shielded room f i l t e r s .  This capacitor can be le f t  in  c ir c u it  fo r 
the power lin e  r f  te s t. This solution is  obviously to ta lly  impractical 
on ac supplies which have a frequency of 400Hz fo r a irc ra f t .  The
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shielded room f i l t e r  resonance which can be apparent when testing  low 
powered equipment may be minimised to some extent by connecting a 
standing load across the supply, but th is  is  only a p a rtia l solution. 
The error in results is  not as great fo r ac equipment as fo r dc 
equipment as i t s  impedance is  usually higher. One possible solution 
which has not been investigated as ye t is  to measure both voltage and 
current emissions and have a l im it  fo r both.
This supply impedance problem does not a ffe c t the control and signal
lin e  conducted emission tes ts , however a modification was made to the 
tes t to cover another problem. In the MIL-STD, emissions w ith in  the 
required information bandwidth of the signal carried by the control and 
signal lines are allowed to exceed the lim its .  For instance, i f  the 
wanted signal is  a 1 MHz clock then a ll the frequency components of the 
clock signal are allowed to exceed the lim its .  Thus the only ro le  o f 
the tes t as performed, is  to ensure tha t two interconnected black boxes
in a system do not corrupt one another on th e ir  common control and
signal lin es . I t  is  probably easier to do th is  merely by connecting the 
equipment together and see i f  i t  works and should in anyway be covered 
by an in terface specifica tion rather than an EMC spec ifica tion .
The resu lt o f th is  exclusion clause is  tha t any resultant induction 
f ie ld  generated by a signal lead and i ts  return lead is  not contro lled 
and i t  is  th is  f ie ld  which couples to adjacent looms and causes an EMC 
problem. The only control on emissions on these lines is  by the 
radiated te s t but as the author was concerned with interloom coupling 
where the induction f ie ld  predominates, the tes t as w ritten  was 
unsuitable.
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As a re su lt, the te s t as described in FS(F)510 specifies tha t the 
current probe shall be clamped around the whole loom and no emissions 
from any source are to exceed the lim its . As the current clamp 
e ffe c tive ly  measures the induction f ie ld  surrounding the loom, i t  
ensures tha t proper attention is  paid by the equipment designer to the 
choice o f cables to be used.
4.3.3 Radiated Emission Testing
The tes t is  s p l i t  in to  two parts in  the MIL-STD -  RE01 (magnetic f ie ld  
20Hz-50kHz) and RE02 (e le c tr ic  f ie ld  14kHz-10GHz). In the B r it is h  
Standard there is  no low frequency te s t, the frequency range covered 
being 150kHz-lGHz (e le c tr ic  f ie ld ) .  The main problems occur with the 
RE02 te s t in  the MIL-STD.
Figure 10 shows the RE02 te s t layout as specified in MIL-STD 461/462. 
The tes t method is  basica lly the same in the B rit ish  Standard. The 
antenna is  placed lm away from the EUT and the the r f  radiated emissions 
from the EUT measured. These are defined in terms o f dB's re la tive  to 
luV per metre by adding the appropriate antenna correction fac to r.
The f i r s t  problem is  tha t th is  correction factor is  determined by the 
two antenna ca lib ra tion  method defined in ARP 958 and is  performed under 
free f ie ld  conditions. The normal location fo r the radiated te s t 
however is  in a metal shielded room in which the measuring antenna's 
performance is  severely modified by coupling to the room. As every room 
is  d iffe re n t, no consistency in the results can be expected. A fu l l  
anechoic chamber using carbon impregnated absorber, would help reduce 
the errors but is  excessively expensive and impractical at the shielded 
rooms primary resonances because of the dimensions of the absorber. A
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cheaper solution is  to use p a rtia l lin in g . The Georgia In s titu te  of 
Technology (reference 8) has performed research on the effects of 
"hooding" small specia lly developed antennas with r f  absorber. The 
author found that by hooding normal EMC measurement antennas w ith AN-79 
absorber, a s ig n ifice n t reduction in the coupling to the room resulted, 
giving improved re p e a tib ility . For example figure  11 compares the free 
space VSWR o f a biconical antenna with tha t obtained with the antenna 
sited inside a shielded room containing no absorber. Figure 12 shows 
the e ffe c t o f hooding the antenna with r f  absorber w h ils t in  a shielded 
room. Note how the absorber has reduced the large "spikes" in  the VSWR 
curve. This technique is  now always used in the RAE EMC fa c i l i t y ,  and
has beneficial e ffects in the radiated su sce p tib ility  tests as w e ll.
Related to th is  problem, is  the e ffe c t on the measurements of changing 
the antennas to cover the complete frequency range. F irs t ly ,  there is  
no re s tr ic tio n  on the types and numbers o f antennas used fo r the tests 
and as fo r most of the frequency range the use is  under near f ie ld
conditions, two tes t laboratories can produce very d iffe re n t resu lts .
This w il l  be discussed in more depth in the radiated su sce p tib ility  
tes ting . Secondly at the change over frequency between two antennas 
commonly used the author found that tes t houses were obtaining 
d iscon tinu ities  in the readings of the two antennas of as much as 20dB. 
which was completely unacceptable and indefensible as the measurements 
are expressed in absolute value o f f ie ld  strength. The antennas 
concerned were the 41 inch passive rod antenna used over the range 50kHz 
to 32 MHz and the biconical antenna; the design of which is  specified in 
the MIL-STD. The former is  only used in the ve rtica l po larisation 
whereas the la t te r  is  used in both po larisations. The discrepancy 
occured when both were v e r tic a lly  polarised.
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The biconical antenna is  a free standing u n it whereas the 41 inch rod is  
used with a counterpoise connecting i t  to the tes t bench. This 
counterpoise is  defined in the MIL-STD as being 60 cm square and in the 
B ritish  Standard as being 12 inches. As w il l  be shown la te r th is  
difference is  not important. The counterpoise is  placed at the same 
height as the ground plane.
The use o f the biconical antenna fo r measuring ve rtica l f ie ld s  is  shown 
in figure  13, which il lu s tra te s  two p o s s ib ilit ie s . MIL-STD-462 te s t 
method RE02 requires only tha t the tip s  of the antenna be at least 30cm 
away from the surfaces of the shielded room. This minimum spacing was 
compared with placing the antenna 50cm above the ground plane, which in 
a shielded room of 3m height places the antenna midway between the f lo o r  
and the ce ilin g  assuming a standard bench height. This gives maximum 
separation of the antenna elements from the flo o r and the ce ilin g  
(85cm). For horizontal po larisation measurements the height of the 
antenna remains unchanged: the antenna is  rotated through 90 degs.
A spark gap generator which created a reasonably constant e le c tr ic  f ie ld  
over the part o f the spectrum under consideration, was set up on the 
ground plane to simulate the equipment under tes t to evaluate the 
various configurations of 41 inch rod and biconical antenna. Thus fo r  
the same f ie ld  strength, a series of curves were produced showing the 
measurements fo r various configurations.
From these measurements two parameters were determined: the height at
which the biconical antenna should be used, and the frequency at which 
the changeover between the antennas should be made. The measurements 
taken from the technical memorandum in which they were published 
(reference 9) are shown in figure 14. Curve 1 shows the indicated f ie ld
-35-
strength when the lower t ip  o f the biconical is  50cm above the ground 
(20cm above the allowable minimum) and curve 2 when the p ivo t is  50 cm 
above the te s t bench. Curve 3 shows the indicated f ie ld  ’ strength when 
the 41 inch rod is  mounted on a 60 cm counterpoise as in the MIL STD and 
curve 4 when a 12 inch counterpoise is  used as in the B ritish  Standard.
The closest agreement was obtained when the p ivot of the biconical 
antenna is  well above the tes t bench. There were two reasons fo r th is : 
the f i r s t  being tha t the antenna is  to some extent shielded from the EUT 
by the tes t bench i f  too low and secondly the antenna is  detuned by 
being close to the ground. This combines with the cancellation of the 
d ire c t radiation signal from the EUT and the signal coupled capacitive ly 
from the EUT to the tes t bench then via conduction and capacitive 
coupling to the t ip  of the biconical antenna, to produce errors in the 
measurement. This la t te r  e ffe c t is  suggested in reference 8.
These curves also show that to obtain the minimum d iscontinu ity  in the 
readings between the two antennas the change over frequency should be 
below 25MHz. This avoids the resonance at 32MHz caused by the 
counterpoise of the 41 inch rod and the deep resonance at 27MHz produced 
by the cancellation e ffec t described e a r lie r. As a re su lt the antenna 
heights and the changeover frequency were specified in a revision of 
BS 3G100, various project specifications and FS(F)510 to take th is  work 
in to  account. The change-over frequency has been set to 25MHz. The 
d iscon tinu ities at the next antenna changeover frequency were 
investigated and found not to be s ig n ific e n t. Changing the change-over 
frequency does not mean the results from the tes t are now correct but 
tha t they are more repeatable.
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To reduce the variations caused by the use of d iffe re n t antennas fo r the 
same frequency range, FS(F)510 specifies the antennas to be used. These 
are : -
FREQUENCY RANGE ANTENNA POLARISATION
10kHz -  25MHz lm passive rod Vertical
25MHz - 200MHz Biconical 45 degs
200MHz -  1GHz Logconical C ircu lar
1GHz - 18GHz Waveguide horn 45 degs
The use o f slant po larisation on the biconical eliminates the need fo r 
two runs -  horizontal and ve rtica l po la risa tion . The tes t set-up using 
the biconical antenna is  shown in figure 15.
I f  th is  type of tes t is  to remain, e ithe r the tes t must be performed 
outside the constraints o f a shielded room or some form o f 
precalibration is  required.
In the US the use of a TEM ce ll fo r emission testing has been strongly 
advocated (reference 10) although th is  re s tr ic ts  e ithe r the size o f the 
tes t sample or the frequency range o f coverage.
Anechoic chambers are very costly and probably the cheapest solution fo r 
UK tes t houses is  to have some form of p reca libra tion.
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The National Bureau of Standards in the US have produced a spherical 
dipole radiator from which the radiated levels can be calculated as well 
as measured in a special transmission lin e  and related to fa r f ie ld  
radiation leve ls. Inside the radiator is  a se lf contained comb
generater. The radiated emissions from such a device would be measured
A
in a shielded room p rio r to the commencement o f the te s t. The results 
from the actual equipment tes t are then modified in the lig h t  of the 
ca lib ra tion  resu lts . Selective anechoic hooding should s t i l l  be used to 
damp out the room resonances.
I t  is  arguable that the radiated emission tes t should only be used at 
frequencies above 400MHz to reduce the problems in  making the 
measurements. The main radiation is  from the leads and th is  is  
contro lled by the conducted emission tests. For se lf powered equipment 
with no external leads the radiated tes t w il l  s t i l l  be required.
In the frequency range above 1GHz, the problems of radiated emission 
testing  are very much eased with the antenna being several wavelengths 
from the EUT and anechoic lin in g  being very e ffec tive  at these 
frequencies.
4.4 S uscep tib ility  Testing
4.4.1 General
This c la ss ifica tio n  o f testing  has become the most important with the 
advent of sensitive electronics in to  f l ig h t  c r i t ic a l systems ie  systems 
whose fa ilu re  would cause the loss of the a irc ra f t .  I t  is  also the area 
of testing which has been the least well defined with severe te s t
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inaccuracies. There are two main tests : conducted and radiated with
the most measurement problems being with the radiated te s t.
4.4.2 Conducted S uscep tib ility  Tests
This tes t is  s p l i t  in to  two parts in  both the UK and US standards; af
and r f .  In the audio frequency band the test method in both
specifications is  s im ila r, with af being injected in to  the power lines 
via a series transformer. Some attempt is  made in the te s t to re late 
the lim its  to the main interference which is  caused by busbar ripp le  and 
harmonics. The only problems tha t have occurred with the tes t is  when 
testing equipment having a high power consumption, which sometimes 
requires the use o f special in jec tion  transformers.
At radio frequencies, there is  more cause fo r concern. The accuracy 
decreases with increasing frequency due to the method by which r f  is  
coupled onto the lin e  under te s t.
In the MIL STD, in jec tion  is  via a coupling capacitor connected w ith in  
5cm of the connector backshell. The signal is  applied between the lin e  
and ground and i ts  amplitude is  measured at the capacitor. Figure 16a
shows the te s t arrangement. A commercial coupling network is  usually 
employed whose output terminals are 4mm terminal posts: the arrangement 
of which is  shown in figure  16b. I t  is  impossible with th is  type of 
arrangement to keep the VSWR of the junction constant and minor 
positional changes cause dramatic changes in the coupled r f .  This is  
especially so at the higher frequency end of the tes t i .e .  towards 
400MHz.
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In BS 3G100, the r f  was in jected onto the power lines via the
measurement port of the LISN, w ith the applied voltage being measured at 
the measurement port. Obviously th is  did not re fle c t the voltage being 
imposed at the terminals o f the EUT so in the 1980 revision of BS 3G100 
the measurement point was changed to being at the input o f the EUT. the 
upper l im it  o f the tes t however is  lim ited  to 150MHz due to standing 
waves in the lin e  and resonances in the LISN.
4.4.3 Radiated S uscep tib ility  Tests.
At the present time, radiated tests cause the most technical problems
and are the least accurate because of inadequate knowledge o f the 
characteris tics o f the near f ie ld  in which measurements are made and 
because o f the standing waves formed in shielded rooms.
The layout fo r radiated testing as defined in MIL-STD-461A is  shown in 
Figure 17. Here the f ie ld  monitoring antenna is  shown lm behind the 
radiating antenna. Figure 18 shows the e le c tr ic  f ie ld  strength at the 
location o f the EUT fo r a constant lOV/m at the f ie ld  monitoring 
antenna: the measurements being made inside a shielded room. As can be 
seen variations of greater than + /_ 20dB re su lt. This is  hardly 
surprising unless the testing is  performed in an anechoic chamber because 
of the standing wave patterns supported by the shielded room. In view
of these variations and as a short term measure, BS 3G100 and UK project 
specifications were ammended to specify f ie ld  monitoring only at the 
location o f the EUT.
The preferred method is  to precalibrate the tes t bench before the EUT is  
in place by noting the forward power drive to the antenna to produce a 
given f ie ld  strength on the empty bench at the EUT's loca tion . The
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f ie ld  strength is  measured throughout the frequency range by small f ie ld  
sensors. The EUT is  then placed in position and the tes t re-run with 
the same forward power being fed to the antenna as fo r the empty bench. 
The resonant nature of a shielded room makes th is  technique extremely 
d i f f ic u l t  unless r f  absorbing material is  extensively used. The
compromise solution being permitted at the present time is  to place 
small f ie ld  sensors ju s t behind the area of maximum su sce p tib ility  of 
the EUT which has to be determined before the te s t. The f ie ld  is  then
monitored with the EUT present during the te s t. I f  the area of maximum
su sce p tib ility  cannot be readily found, the sensor is  placed ju s t behind 
the centre o f the EUT layout.
As no suitable small commercial sensor was available at the time to 
cover the frequency band 200-500MHz, a small antenna was designed fo r  
th is  band which could be readily b u il t  by the tes t houses. Figure 19
shows the design as given in BS 3G100 and FS(F)510 and a typ ica l
ca lib ra tion  curve. The antenna is  purely passive: the output being fed 
to a measuring receiver or spectrum analyser.
Unfortunately these changes do nothing to correct the non-uniformity o f 
the f ie ld  over the area of the EUT. This error was quantified by
placing two small sensors 0.5m e ither side of the centre of the te s t
bench. The centre of the radiating antenna was placed opposite the 
centre o f the te s t bench, 0.9m from i t s  edge. Figure 20 shows the plan 
of the layout. The r f  output;of the network analyser was fed to the 
radiating antenna and the outputs of the two sensors were fed to i ts  
detector inputs. The ra tio  of the voltage induced in each sensor (y
axis) and hence the f ie ld  at th e ir  locations was measured. I f  the f ie ld  
was uniform th is  would be unity (OdB). The results fo r the logconical 
antenna are given in figure 21. Results are shown both with and without
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the back of the bench lined with r f  absorber (AN-79). A s ig n ifican t 
improvement in f ie ld  uniform ity can be seen when absorber is  used. At, 
lower frequencies the absorber thickness needs to be greater in 
proportion to the wavelength.
Even with these improvements incorporated serious measurement variations 
s t i l l  occur. Figure 22 shows two malfunction p ro files  fo r the same 
piece of equipment when using two d iffe re n t sets of radiating antennas. 
The E f ie ld  at malfunction was measured using the same small f ie ld  
sensor at the same location on the tes t bench. A ll these d iffe re n t 
types o f antennas are permitted in the MIL-STD's. One of the factors 
causing th is  spread o f results between the d iffe re n t antennas is  the 
varia tion  in the wave impedance of the illum ina ting  f ie ld .  The 
specifications are a ll in terms of the e le c tric  f ie ld  vector - the 
magnetic f ie ld  component not being specified. As over a large part of 
the frequency band the tests are being performed in the near f ie ld ,  
large errors can and do re su lt.
The use of transmission lines as antennas, such as the para lle l plate 
lin e , gives a defined f ie ld  of known wave impedance but the size o f the 
EUT tha t can be tested and the frequency range over which the lin e  
operates in TEM mode are in c o n flic t.  The larger the EUT and hence the 
lin e  the lower i ts  upper frequency l im it .  Figure 23 shows the para lle l 
plate design specified in FS(F)510 incorporating minor design 
improvements over the MIL-STD design. The main difference is  tha t in 
the MIL-STD design, the f ie ld  is  determined by measuring the voltage 
across the plates at the termination and in the design shown, the f ie ld  
is  precalibrated by means of a small f ie ld  sensor placed between the 
plates. This change was made as the connection of the r f  voltmeter 
compromised the termination o f the lin e  as well as being affected by the
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fringe  fie ld s  from the lin e . In the FS(F)510 design, res is tive  card is  
used as the terminating load having good frequency and power handling 
characte ris tics . The value of the terminating impedance fo r the h a lf 
metre plate separation was determined by using a time domain 
reflectometer to be between 110 and 120 ohms not 83 ohms as specified in
the MIL-STD. I t  was also found to be essential to fe r r i te  load any
leads from the EUT which came out from between the plates -  such as
power lines -  to prevent excessive f ie ld  perturbation. The fe r r i te  is
sited at the point where the leads leave the p late.
4.4.4 Modulation requirements
The s e n s itiv ity  o f the EUT to the applied r f  signal is  dependent on the 
modulation superimposed on the signal, with the se n s itiv ity  being a 
maximum when the frequency o f the modulation is  w ith in the bandwidth o f 
the information processing c irc u its  of the EUT. For instance f l ig h t  
control systems are sensitive to modulation o f 1 -  3 Hz which is  the 
type of signal found from SSB transmissions. The specifica tion 
requirements were to use the type of modulation to which the EUT w il l  be 
the most sensitive. However th is  is  not always easy to determine so 
FS(F) 510 provides minimum requirements on the type of modulation to be 
used. These requirements are:
20Hz -  50kHz CW
50kHz - 2MHz (a) CW
(b) AM, 100% square wave at 1kHz p r f.
2MHz -  30MHz (a) CW
(b) AM, 100% square wave at 1 kHz p r f.
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(c) AM, 100% square wave at l-3Hz p r f.
30MHz - 1GHz (a) CW
(b) AM, 100% square wave at 1kHz p r f.
In addition fo r radiated su sce p tib ility  tests only:
150MHz
580MHz
790MHz
225MHz 50th.
610MHz
18GHz
(a) CW
(b) A double modulation consisting of 
100% with a p rf o f 1kHz with a pulse 
duration of luS together with a square 
wave modulation at 100% with a frequency 
o f 0.5Hz.
The peak rms f ie ld  strength shall be a 
minimum o f 5xCW l im it .  The external 
environment should be considered when 
selecting the m u ltip lie r.
The la t te r  requirement fo r the radiated su sce p tib ility  tes t is  new to 
EMC specifications and is  intended to simulate the f ie ld  from a 
ro ta tiona l pulse radar. The enhanced peak levels (although the average 
f ie ld  is  less) is  because the peak fie ld s  from radars are extremely 
high, and need to be covered by the su sce p tib ility  tes ts .
To save tes t time, a quick check is  needed at one or two sensitive 
frequencies to determine the worst case modulation and concentrate the 
testing using th is  type in conjunction with the simulated radar 
modulation.
-44-
4.5  D iscussion
The study o f ex isting test methods highlighted serious shortcomings in 
rationale and accuracy. Although, as a resu lt of the study, changes in 
the tes t methods were introduced, they were not s u ff ic ie n t to remove the 
underlying weaknesses. I t  was apparent that more drastic modifications 
were required to restore c re d ib il ity  in  EMC testing and a work programme 
was in it ia te d  to achieve th is . A major part of th is  programme is  
presented in  the rest o f th is  thesis.
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5 THE DEVELOPMENT OF ALTERNATIVE SUSCEPTIBILITY TEST METHODS
5.1 General Requirements
Most of the steps described so fa r to improve the repea tab ility  do not 
re a lly  attack the fundamental problem of making the tes t results re la te  
to the real l i f e  a irc ra ft  environment. The knowledge tha t equipment 
operates s a tis fa c to rily  w h ils t being exposed to a f ie ld  of 10 V/m in a 
shielded room is o f no help to anyone faced with the task o f EMC 
clearing the a irc ra ft  in  which i t  is  in s ta lle d .
In designing equipment to meet the radiated su sce p tib ility  te s t the
equipment designer is  given no ind ication o f the energy which w il l  be 
coupled in to  his equipment. The problem essentia lly  stems from the fac t
tha t only the e le c tr ic  f ie ld  is  specified: there is  no control o f the
magnetic f ie ld  component and th is  cannot be predicted as the tests are 
performed in the near f ie ld .
I t  is  also extremely d i f f ic u l t  to measure the f ie ld  environment on the 
a irc ra ft  where the equipment is  to be ins ta lle d . Although the 
individual components of the f ie ld  can be measured in a lim ited  number 
o f locations, the phase angle between them cannot be easily determined 
and the f ie ld  gradients in a complex environment such as an a irc ra ft  
make the measurement o f dubious value.
Any new tes t method had to be w ritten  with due regard to the concept of 
providing information from the tes t which could be used to aid EMC 
clearance of the a irc ra ft .  The one obvious parameter giving an 
ind ication of the on-board r f  environment is  the to ta l or bulk current 
flowing on the w iring looms as a re su lt of that environment. This
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parameter is  easily measured by placing a standard EMC current probe 
around the loom under te s t and connecting the probe by means of a 
commercially available fib re  optic lin k  to a spectrum analyser or r f  
measuring receiver, A fib re  optic lin k  is  necessary as otherwise a 
cable connection to an a irc ra ft  exposed to the external f ie ld  would 
provide an a lte rna tive  path by which r f  could enter the a irc ra ft .  This 
is  a standard measurement technique which has been performed fo r some 
time on a irc ra ft .  The transm itting diode in the fib re  optic lin k  is  
d ire c tly  modulated by the r f  signal being measured (a fte r 
p re-am plifica tion) and thus the received signal can be analysed using a 
spectrum analyser as i f  i t  had been transmitted using coaxial cable. 
The present f ib re  optic links  have a bandwidth of up to 1GHz.
Part of the work in deriving new tes t techniques described in th is
thesis, was determining whether bulk current measurements would give 
s u ffic ie n t accuracy to make safety margin measurements.
5.2 The Concept of Safety Margins
Reference 11 discusses the measurement o f safety margins from the 
viewpoint of the clearance agency (A&AEE) and th e ir  views provided 
impetus fo r th is  work programme.
With f l ig h t  safety c r it ic a l systems the normal pass/fa il resu lts  from 
EMC equipment level tests gave no ind ication of how close to fa ilu re  the 
equipment was. The a irc ra ft  clearance t r ia ls ,  which are a go/no go te s t
with the a irc ra ft  being subjected to a fixed level of r f  f ie ld  lim ite d
by the capab ilities  of the f ie ld  generating equipment, have not the 
capab ility  to determine actual fa ilu re  levels over the whole frequency
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band. This is  p rim arily  due to the enormous cost in exposing the whole 
a irc ra f t  to the required overtest levels of f ie ld  strengths.
I t  was therefore necessary to build  in to  any new equipment tests a 
degree of overtest to assess the actual level of fa ilu re . This would be 
especially important i f  bulk current measurements showed good 
corre la tion between the a irc ra ft  tests and the laboratory tests . The 
level of bulk current at malfunction in  the laboratory at fa ilu re  o f the 
equipment could then be compared with the level o f bulk currents induced 
on the same looms on the a irc ra ft .  This would permit the measurement of 
safety margin. An adequate safety margin is  required during clearance 
testing  to take in to  account the fo llow ing fac to rs : -
(1) Measurement errors.
(2) Spread of results between items of the same equipment.
(3) Spread of results between a irc ra ft  -  caused by differences in 
manufacture; bonding, composition of w iring looms etc.
(4) Errors associated with clearing the a irc ra ft  in  the near f ie ld  o f 
d iffe re n t antennas. In practice the a irc ra ft  w il l be exposed to an 
in f in ite  range of r f  illum ination  s itua tions: varying wave impedances,
from a vast array o f antenna types, at varying illum ina tion  angles, fo r 
varying a irc ra ft  configurations which cannot be covered by ex is ting  
clearance tes ts . I t  is  a matter of great debate as to what the safety 
margin should be. At the present time i t  varies from 6 dB to 20 dB 
depending on the system being assessed.
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At the present time, measurements are in progress to determine the 
spread of results in (3) above, by measuring the varia tion  in coupling 
of an external f ie ld  to the internal w iring looms of 21 a irc ra ft  of the 
same type. Figure 24 shows the peak currents induced by an external 
f ie ld  on the same loom in eight d iffe re n t a irc ra ft  in the HF band 
(2-30MHz). They have been normalised to an illum ina ting  e le c tr ic  f ie ld  
strength of lV/m fo r the same angle o f illum ina tion . In th is  example, 
peak currents vary from 56dB(uA)/V/m to 78dB(uA)/V/m; a large spread of 
over ten to one. Further discussion on the impact of these measurements 
is  in  Section 7.
5.3 The Development of a New Conducted S uscep tib ility  Test
The problems with the radiated su sce p tib ility  te s t described in  section 
4 had led to the decision that a new te s t procedure would be required. 
At f i r s t  s ight i t  seemed that the use of tes t chambers such as pa ra lle l 
plates and TEM ce lls  (operating below th e ir  cu t-o ff frequencies) offered 
a method by which the radiating f ie ld  would be well defined (reference 
12). The bulk current flowing on the looms o f the EUT could be measured 
at fa ilu re  and these results used to aid a irc ra ft  clearance. There are 
however problems: one is  that these chambers only produce lin e a rly
polarised fie ld s  in which i t  is  usually impossible to rotate the EUT to 
obtain maximum coupling, and another is  tha t th e ir  performance is  
severely reduced by the coupling between them and the EUT. The degree 
o f coupling is  determined by the re la tive  sizes o f the EUT and the 
chamber. Unfortunately the larger the chamber the lower i t s  c u t-o ff 
frequency above which f ie ld  uniform ity suffers by the generation of 
modes other than TEM.
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Figure 25 shows a cut away drawing of the TEM or Crawford c e ll.  I t  is  
e ffe c tive ly  a rectangular coaxial lin e  terminated in i ts  characte ris tic  
impedance at one end and with r f  power injected at the other. The EUT 
is  placed on the bottom of the plate -  the centre plate or septum - 
being the driven element. Any leads in to  the EUT are fed via decoupling 
capacitors through the bottom of the c e ll.  Unless heavily loaded with 
anechoic lin in g  in te rn a lly , the upper frequency l im it  occurs when m ulti - 
moding takes place.
I f  these chambers were used, the ra tio  of the e le c tric  to the magnetic 
components o f the em wave would be higher (377 ohms) than tha t found on 
a irc ra ft  in  the HF band from the onboard transm itter. To produce a 
re a lis t ic  magnetic f ie ld  in th is  band would resu lt in an u n re a lis tic a lly  
high e le c tr ic  f ie ld  component.
An in i t ia l  review of bulk current measurements on a irc ra ft  was made to 
determine the required severity o f any new te s t. The available data was 
based on the bulk loom currents induced from onboard transm itters. This 
review showed that ty p ic a lly  bulk current had values up to 100 mA in the 
HF band and up to 20 mA in the VHF and UHF band. These measurements 
were made by ERA Technology lim ited  in a survey of over 30 a irc ra f t .
Figure 26 shows typ ica l induced currents on two systems on a m ilita ry  
a irc ra ft  when illum inated by an external f ie ld  in the HF band. The 
induced currents have been normalised to a f ie ld  strength o f lY/m and 
show a very wide spread. The highest currents were on the stores 
management systems w iring on an a irc ra ft  with external stores attached. 
This is  due to the w iring in the stores being exposed to enhanced f ie ld s  
at the junction with the store because o f the stores in te raction  with 
the f ie ld .  The highest current of 4.5mA/V/m occurred at about 8MHz
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which Is the frequency at which the airframe has a length corresponding 
to h a lf a wavelength. Normally the a irc ra ft  should be capable of 
withstanding 50V/m which would give an Induced current In th is  case of 
225mA. The a irc ra ft  can be represented as a pa ir o f crossed dipoles 
consisting of the fuselage and the wings and the maximum Induced 
currents occur at the resonances of these "dipoles" or the w iring looms. 
The airframe resonances occur In the HF band (2-30MHz).
To determine the typ ica l currents Induced by existing techniques a 2 m 
length of wire was placed In a para lle l plate transmission lin e  150 mm
above the ground plane and terminated a t each end with 50 ohms. On
a irc ra f t ,  unscreened cables tend to have Impedance characteris tics
approximating to 50 ohms. A f ie ld  strength o f 10 V/m was generated In
the transmission lin e  and the current Induced In the wire was both
measured and theo re tica lly  predicted. The results are shown In Figure 
27. The upper frequency was lim ited  to 50 MHz as the para lle l plate
went Into resonance above th is  frequency resu lting  in an unpredictable
f ie ld .  As can be seen, the maximum current induced was approximately 2 
mA. This is  s ig n ific e n tly  below currents measured in the HF frequency 
band on a irc ra ft .  To produce more re a lis t ic  levels o f current would
give u n re a lis tica lly  high applied e le c tr ic  fie ld s  in the HF band
especially i f  simulating the e ffe c t o f on-board HF transm itters where 
equipment is  very much in the near f ie ld .  I t  was decided to produce a
tes t method which produced a low impedance source f ie ld  in the HF
frequeny band and hence gave a proportionately higher magnetic f ie ld
component.
As to examine each new tes t method by manually performing the te s t would 
have taken an excessive amount o f time a technique was used to enable a 
rapid simulation of tes t methods. Figure 28 shows the layout used fo r
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th is  simulation. The main instrumentation consisted of a Hewlett
Packard network analyser 8505 covering the frequency range 0.5 to 1300 
MHz. The signal output from its  associated reflectometer bridge was fed 
to the coupler under tes t which could be anything from an antenna to a 
current probe. The current induced on the loom under te s t was measured 
with a current probe and the resu lting  signal was fed in to  the "B" input 
port of the network analyser. The analyser gave a display of the
overall insertion loss o f the system between i ts  output and input ports 
over the desired frequency range. Knowing the gain figure of the
current probe enabled the amount o f forward power to the coupler under 
tes t to give the required current in  the loom to be determined. The 
advantage of th is  technique was tha t i t  was very quick and being a swept 
frequency te s t enabled any resonances to be highlighted.
The f i r s t  a lte rnative  te s t method investigated was the use o f a rod 
rad ia to r. This technique was resurrected in a d ra ft International 
Standard ISO DIS 2677 proposed by I ta ly  but the standard was never 
adopted. In th is  d ra ft standard, the w iring loom to be tested is  placed 
20 mm from a im  rod which can be terminated in e ither a short or open 
c irc u it  and driven a t the opposite end by a r f  power source. The 
rationale behind th is  impedance change is  tha t predominately e le c tr ic  or 
magnetic fie ld s  can be generated. The tes t procedure was modified in 
the investigation by reducing the height o f the rod radiator to 50 mm as 
th is  is  the height a t which the EUT's looms are placed above the ground 
plane in EMC tests , and the separation distance was increased to 150 mm. 
The in tention was to reduce errors tha t would arise in try in g  to place 
the loom exactly 20 mm from the rad ia tor. At th is  close distance i t  was 
considered tha t minor positional errors would have s ig n ifica n t e ffe c t on 
the induced current. Figure 29 shows the tes t layout. The length o f 
the rod was also increased to 2 m to illum inate  the whole of the EUT.
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The detector box was used to simulate the EUT. The current induced in 
the w iring loom was measured as close as possible to the EUT input. 
Figure 30 shows the coupling between the rad ia tor, when terminated in a 
short c irc u it ,  and the EUT loom. The power required to drive the rod to
produce 100 mA in the EUT loom can be calculated as fo llow s :-
The probe measuring the current had a transfer impedance o f 1 ohm so 
100mA current in the loom produces 100 mV in the output o f the probe 
which is  connected across the 50 ohm input of the network analyser. 
(NOTE Transfer impedance in th is  context, is  the ra tio  of the output
voltage of the probe terminated in 50 ohms divided by the current in  the
lin e  being measured and is  the normal way to ca lib ra te  these probes.)
Thus the power on the network analyser input = (0.1x0.1)/50 watts
= 2x10-4 Watts
The insertion loss is  -60 dB at 8 MHz so to induce 100 mA in the loom at 
th is  frequency requires the forward power drive to the rad ia tor to be 60 
dB above 2x10-4 watts = 200 watts.
This figure  was compared with the power requirements o f the standard 
para lle l p la te , with a plate separation o f 0.5 m, to give the same loom 
current. The rod radiator proved to be at least as e ff ic ie n t in  the 
range 2 - 5 0  MHz.
As can be seen from Figure 30 the current set up in  the centre o f the 
radiator shows tha t the rod is  resonating above 60 MHz and so the te s t 
method is  lim ited  to an upper frequency o f 50 MHz as i t  stands w ith th is  
length of rod and values of terminating impedance. In an attempt to
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improve the frequency response, the rod radiator was terminated in i ts  
characte ris tic  impedance, which was determined to be 150 ohms.
Figure 31 shows the new coupling losses. As can be seen by comparison 
with Figure 30 the coupling is  more uniform across the frequency band 
but the coupling e ffic iency is  worse requiring at least 600 watts in  the 
HF band to give 100 mA induced current instead of 200 watts when 
terminated in a short c ir c u it .  The main deficiency o f the te s t method is  
tha t i t  is  d i f f ic u l t  to apply to multi-loom systems, especially keeping 
a fixed distance from the loom under tes t i f  tha t loom has any branches.
In an attempt to minimise th is , a te s t chamber was designed as shown in 
Figure 32. I t  consists o f a perspex frame supporting three radiators. 
The wire radiator on top is  terminated in i t s  characte ris tic  impedance 
and behaves as a standard long wire antenna. This generates the 
standard 10 V/m e le c tr ic  f ie ld  as required by the MIL standards. To 
give an increased magnetic f ie ld ,  two rod radiators are situated on 
e ithe r side o f the frame 5 cms above the ground plane and terminated in 
a short c ir c u it .  These are driven in antiphase via a phase s p li t te r  to 
prevent f ie ld  cancellation. The whole te s t chamber is  placed over the 
EUT. Although th is  rather eccentric design seemed to o ffe r advantages, 
especially as i t  could be used with present specifications due to i t s  
defined e le c tr ic  f ie ld ,  practica l d if f ic u lt ie s  were encountered with i t s  
construction especially the phase s h if t  network. The idea was dropped 
in favour of other techniques.
One obvious tes t method which could be applied to control and signal 
lines and which was already being used on power supply lines was d ire c t 
voltage in je c tio n . On the surface i t  appeared to have p o s s ib ilit ie s  as 
i t  characterised each input to the EUT exactly. Two main problems
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caused the idea to be temporarily shelved. F irs t ly  i t  is  d i f f ic u l t  to 
couple on to these lines by d irec t in jec tion  without a ffecting  th e ir  
characte ris tics . This is  especially a problem i f  shielded cables are 
present in the loom. Secondly the te s t would be extremely time 
consuming on a complex system i f  every lin e  was tested in d iv id u a lly . 
Some systems can have ty p ic a lly  twelve looms of fo rty  wires each going 
in to  one piece o f equipment. I f  a ll the wires in a loom were to be 
d ire c tly  injected simultaneously to shorten tes t times a special 
coupling j ig  would be needed fo r each loom and i t  would be extremely 
d i f f ic u l t  to prevent the individual lines coupling with one another via 
the j ig .
The technique which was developed as the most promising was to in je c t r f  
on to each loom as a whole via a current probe. This was not a new 
technique having been investigated by Boeing (reference 13) (but not 
adopted by them) in  1967 and is  also incorporated in  a crude form in the 
c iv i l  a irc ra ft  specifica tion RTCA DO 160. In th is  la t te r  document there 
is  no requirement to measure induced current and the tes t method has 
s ig n ifica n t problems.
Figure 33 shows the tes t arrangement as previously specified in  DO 160. 
The current probe is  clamped around the loom under tes t and r f  power is  
fed in to  the probe from an o s c illa to r  and coupled to the loom under 
te s t. A secondary monitor winding is  added to the in jec tion  probe and 
the output voltage is  fed to an r f  voltmeter. This winding measures the 
magnetic f ie ld  generated by the probe and the specifica tion l im it  is  in  
terms of the voltage developed across i t .  For some equipment categories 
i t  is  100 mV. At th is  level the current induced on the detector box 
loom varied between 0.2 and 1 mA so as i t  stood the tes t was inadequate, 
and required extensive m odification.
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The concept of defining the specifica tion l im it  in  terms o f th is  monitor 
voltage (which e ffe c tive ly  measures the probe's induction f ie ld )  instead 
of the current flow on the loom was a good one. The current induced in
a loom depends on several factors including the impedance of the
individual wires in the loom. I f  the loom was resonant or feeding in to
a high impedance c ir c u it  i t  would be impossible to feed enough power
in to  the probe to meet a specifica tion l im it  expressed in terms of 
induced current. I t  is  a fa r  more re a lis t ic  approach to define the 
l im it  in  terms of some parameter which is  d ire c tly  related to the 
induction f ie ld .  However i t  soon became apparent tha t th is  monitor 
winding created additional problems especially at higher frequencies. 
As the winding fed an unbalanced voltmeter or spectrum analyser, 
varia tion  of results occurred depending on where the screen o f the 
connecting cable was grounded. I t  was decided to remove th is  monitor 
winding and instead monitor the forward power flow to the in jec tion  
probe and express any lim its  in  terms o f th is . I t  is  arguable tha t a 
better way would be to monitor the net power to the probe (forward -  
reverse power) but i t  was f e l t  that th is  would be excessively 
complicated fo r general tes t house use.
The measurement of forward power was in i t ia l ly  performed with a 
wattmeter but th is  was replaced with a d irectional coupler which eases 
the measurement problem when applying modulation. Figure 34 shows the 
tes t layout. There is  no necessity to use two measuring receivers, a 
coaxial switch can be used to select the parameter to be measured - 
power or current. Software has been w ritten  to make the measurement 
procedure automatic.
A ca lib ra tion  procedure was introduced to enable the specifica tion  te s t 
l im it  to give some ind ication of the severity o f the te s t to equipment
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designers. The probe is  calibrated in an open transmission lin e
terminated in  50 ohms at each end. I t  is  placed around the centre 
conductor and the power increased u n til the specified levels of current 
are reached. The power required to produce these currents 1s noted and 
becomes the specifica tion l im it .  That is  to say when the probe is
clamped around the loom under tes t the EUT would have to  operate 
s a tis fa c to r ily  when that same forward power is  fed to the probe. I f  i t  
does i t  has passed the te s t. The in i t ia l  l im it  chosen (in  terms o f the
current in the ca lib ra tion  j ig )  was set at 20mA from 50kHz to 2MHz,
100mA from 2 to 30MHz and from 200 to 240MHz and 40mA from 30 to 200MHz 
and from 240 to 400MHz. The enhanced levels between 2 to 30MHz were to 
allow fo r HF transmissions, and between 200 to 240MHz to allow fo r radar 
transmissions. This in i t ia l  l im it  was based on comparison o f currents 
induced during bulk current in jec tion  (BCI) testing with those induced 
on the same equipment when ins ta lled  on the a irc ra f t ,  from the onboard 
transm itters. The actual value of current induced on the loom under 
tes t at the tes t l im it  can vary greatly from the ca lib ra tion  current in  
the j ig :  the level of current induced at a pa rticu la r frequency
depending on the impedance of the loom/equipment/ground plane loop. The 
current induced by an em f ie ld  would also be dependant on th is  loop.
The j ig  which is  used to ca lib ra te  the probes is  shown in Figure 35. 
The induced current on the centre conductor is  determined by measuring 
the voltage at one end with a 50 ohm voltmeter, replacing the 
term ination. This ca lib ra tion  procedure can be used up to 400 MHz 
before becoming too inaccurate.
Having refined the basic technique, the e ffic ienc ies  o f the various 
commercial current probes used fo r emission testing were assessed fo r  
use as an in jec tion  probe. The two which at f i r s t  sight looked the most
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promising are shown in Figure 36. These are the 91550-1 and the 
94111-1. The PCL 25 has s im ila r characteristics to the former. An 
insertion  loss o f 20dB means that to induce 100mA in the ca lib ra tion  j ig  
(0.5 watts across the termination) would require a forward power to the 
probe 20dB higher (50 w atts).
The 91550-1 probe is  the most e ff ic ie n t below 75 MHz whereas the 94111-1 
is  better above th is  frequency. In fac t th is  la t te r  probe is  designed 
fo r emission measurements up to 1 GHz. In the range 2 - 3 0  MHz, up to 
50 W is  required to drive the 91550-1 to  induce the required 100 mA and 
3 W is  required by the 94111-1 to induce 20 mA in the range 30 -  400 
MHz. These powers are w ith in  the handling capacities o f the probes 
without causing them to become excessively hot.
As mentioned e a rlie r however the aim of the te s t is  to assess safety 
margins. This requires overtesting by at least 6 dB to see i f  equipment 
fa l ls  w ith in  the margin between the specifica tion pass/fa il l im it  and 
the overtest le ve l. This requires a forward power of a t least 200 W in  
the 2 - 3 0  MHz range which is  excessive fo r the 91550-1 which overheats 
at th is  le ve l. Accordingly ERA Technology Ltd were contracted to design 
a lte rna tive  probes.
A series of probes were produced by ERA and the fin a l designs selected 
fo r the equipment level te s t were the ERA 36 (figure  37) and the ERA 37 
(figure  38). The change over frequency between the two probes was 
selected to be 200MHz. As can be seen the e ffic iency of these probes is  
very much improved and th e ir power handling capab ilities  are also 
greater. Power of 100 watts can be handled by the probe without 
overheating.
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One aspect o f th is  new te s t which caused concern was the e ffe c t when the 
signal and i ts  associated return lead both passed through the in jec tion  
probe. Fears were expressed that as the probe was in je c tin g  on both 
lines simultaneously only a minimal d iffe re n tia l voltage would be
generated between them.
In the a irc ra ft  in s ta lla tio n  th is  d iffe re n tia l voltage would depend on 
the separation between the signal and return wire in the loom: the
fu rthe r apart they are, the greater the d iffe re n tia l voltage, as the 
e ffec tive  area of the receiving loop formed by the two wires is  
increased. To investigate th is  problem two wires 1 m long were spaced 
50 mm apart with 50 ohm connected between them at each end. The 
d iffe re n tia l voltage across one of the terminating resistors was
measured w h ils t in jec ting  at the midpoint f i r s t l y  with both wires 
passing through the probe and secondly with ju s t one passing through.
The results are shown in Figure 39. As can be seen there are 
considerable differences between the d iffe re n tia l voltage induced by the 
two tests . However above 30 MHz the results become more comparable. As 
a resu lt of th is  experiment a tes t box simulating an EUT was tested from 
2 - 4 0  MHz with the signal return wire passing through the in je c tio n  
probe and also with the signal return being via the ground plane. The 
results were very s im ila r.
This was surprising so the tes t was repeated with the return wire 
passing through the in jec tion  probe but over a wooden ground plane. In 
th is  case fa r more power was required to cause malfunction. A possible 
explanation is  that there was s u ffic ie n t capacitance between the 
equipment case and the copper ground plane to provide a s ig n ifica n t 
return path thus minimising the e ffe c t of the separate return w ire. The
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reservations with the te s t were thus eased and i t  has been included in 
the la te s t specifica tions, such as FS(F)510.
5.4 Extension of the New Test to Cover Power lin e s .
5.4.1 Introduction
As the BCI te s t method had been assessed as suitable fo r control and 
signal lines i t  seemed sensible to use current in jec tion  on primary 
power lines rather than continuing with existing voltage in jec tion  
techniques such as the CS02 te s t o f the MIL STD. This would help reduce 
the p ro life ra tio n  o f d iffe re n t tes t methods in one specifica tion and 
more importantly keep costs down. A short investigation was made to 
compare the severity o f the te s t with tha t o f CS02.
The CS02 lim its  used in the comparison were those stated in the MIL STD 
-  an in jec tion  voltage of 1 v o lt up to a maximum power o f 1 watt from a 
50 ohm source. The lim its  fo r the current in jec tion  te s t were those 
that had been provis iona lly  specified, as described in the previous 
section.
5.4.2. Test procedure
The tes t sample consisted o f a Doppler navigation system which measures 
the ground speed and d r i f t  angle of the a irc ra ft .  The system consisted 
of four un its , computer, transm itter/rece iver u n it, hover height 
ind ica tor and ground speed and d r i f t  angle ind ica tors. The 
transm itter/rece iver un it was supplied by 28 v o lt dc and these were the 
lines subjected to both tests. These lines were terminated in a LISN
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and the induced currents at the pass/fa il lim its  of both tes t were 
recorded.
As the CS02 te s t is  applied to individual power lines , and as th is  is  
practica l unlike the case fo r control and signal lin es , the current 
in jec tion  tes t was applied to each lin e  in d iv id u a lly , close to the EUT's 
connector. This is  not unreasonable as unlike control and signal lines 
where the signal and returns run in one loom the power return is  usually 
through the airframe thus the interference is  predominantly d iffe re n tia l 
mode.
5.4.3 Results
Figure 40 shows the currents induced in  the positive lin e  during the
BCI tes t compared with the currents induced during the CS02 te s t on the
same lin e . As can be seen the currents induced by the CS02 te s t are 
generally lower but above 240MHz the s itua tion  is  reversed with the CS02 
tes t being 3 -  8dB more severe.
5.4.4 Choice of l im it
Unlike the prelim inary BCI lim its ,  those fo r  the CS02 te s t are equally 
severe across the whole frequency band, and as the cable lengths are not 
necessarily those to be used in the a irc ra ft  in s ta lla t io n , i t  seemed 
sensible to increase the l im it  o f the BCI te s t to make i t  equally severe 
across the frequency band. The l im it  was adjusted to tha t used at the 
present time (figure  41). Note, i t  is  s t i l l  relaxed below 2MHz as the 
e ffic iency  of the in jec tion  probe prevents the l im it  being raised 
higher, however th is  is  not necessary as the existing l im it  in  th is  
frequency range gives currents comparable to those of CS02. FS(F)510
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incorporates the new l im it  and uses the BCI te s t fo r a ll r f  conducted 
su sce p tib ility  tests there being no s im ila r tes t to CS02. The fu l l  
description of the tes t method as defined in FS(F)510 is  shown in 
Appendix C.
The shape of the overtest level fo r f l ig h t  c r it ic a l equipment is  lim ited  
by the power handling capab ilities  of the probes.
To ensure tha t the levels o f current tha t could be induced under optimum 
matching were not excessive, the currents induced by the in jec tion  probe 
in to  a lin e  with a varie ty of terminations when fed with the power to 
give the accept/reject level currents in  the ca lib ra tion  j ig  (terminated 
in  50 ohms a t each end), were measured. The lin e  used was a short, low 
inductive loop terminated in 50 or 100 ohms, a short c irc u it  and a tuned 
capacitive loop. This la t te r  load was tuned at each frequency fo r  
maximum current.
Figure 42 shows the current induced across the HF band fo r the d iffe re n t 
loads at the accept /re je c t level o f forward power. The 100 ohm load 
gave the same current as tha t obtained in the ca lib ra tion  j ig  as would 
be expected at these frequencies. Figure 43 shows the current induced 
at the overtest level o f forward power. Both curves are fo r the ERA 36 
probe. As can be seen at the lower end o f the band excessive currents 
can flow: 30 amps at the overtest le ve l. These levels could damage
equipment and as a resu lt the tes t in  FS(F)510 was modified to include 
an upper current l im it .  This is  1 amp at the accept/reject level and 2 
amps at the overtest level fo r non-armament systems (see Appendix C).
The lim its  chosen fo r the tes t are not excessive as recent measurements 
have shown tha t coupling from external f ie ld s  to a irc ra ft  looms can
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produce peak currents of 80dB(uA)/V/m (10 mA/V/m) although on average 
th is  figure  is  60dB(uA)/V/m (ImA/V/m). The figure of lOmA/V/m means 
tha t in  an illum ina ting  f ie ld  of 200 Y/m, 2 amps would flow on the loom, 
same angle of illum ina tion . In th is  case, peak currents vary from 
56dB(uA)/V/m to 78dB(uA)/V/m.
5.5 Investigation of a Revised Radiated S uscep tib ility  Test Procedure
5.5.1 Introduction
The bulk current conducted su sce p tib ility  te s t described in Appendix C 
covers the frequency range upto 400MHz. Above th is  frequency, the 
errors caused by variations in the probe positions make the tes t 
im practical. At these higher frequencies case penetration by r f  fie ld s  
becomes s ig n ifica n t when considering possible fa ilu re  modes. Therefore 
some form of radiated su sce p tib ility  te s t was required. In Section 4 
the problems with the present radiated su sce p tib ility  tests were 
highlighted and although modifications to the tes t procedure were made 
i t  s t i l l  had s ig n ifica n t errors. An evaluation o f a possible 
a lte rna tive  technique was therefore made.
5.5.2 Rationale
The problem with the existing tes t is  tha t the f ie ld  over the volume of 
the EUT is  non-uniform and the d e fin itio n  o f the l im it  in  terms o f the 
value o f the e le c tr ic  component of th is  f ie ld  with no regard to the 
magnetic component is  somewhat meaningless. The approach investigated 
was to break away from the concept of defining the tes t in  terms o f the 
f ie ld  strength but to define i t  in lin e  with the c r ite r ia  used fo r  the 
BCI te s t, ie  in terms of a given current flow in  a ca librated lin e .
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This would take in to  account the wave impedance of the su sce p tib ility  
f ie ld ,  which existing te s t methods did not consider.
5.5.3 Test procedure
As fo r the BCI te s t th is  new technique was divided in to  two parts: 
ca lib ra tion  and equipment tes t,the  proposed procedure being as fo llows.
(a) Calibration
A 2m wire is  placed above the ground plane p rio r to the in s ta lla tio n  of 
the EUT (figure  44). This wire is  terminated at each end in  i ts  
characte ris tic  impedance. The wire is  placed 5cm above the ground 
plane, and illum inated from a c irc u la r ly  polarised antenna placed 2m and 
perpendicular from i t .  In fact a ca lib ra tion  j ig  was produced with a 2 
m brass rod being used instead of a wire w ith coaxial terminations at 
both ends.
The power to the antenna is  raised u n til the current measured 5cm from 
one of the terminations is  a t the specified leve l. The value o f forward 
power to the antenna is  recorded at th is  leve l. This is  repeated fo r 
the frequency range of the te s t. The maximum upper frequency l im it  is  
1GHz as there are no current probes available fo r higher frequencies.
(b) Equipment tes t
The EUT is  substituted fo r the wire and the same forward power is  fed to 
the antenna. The level can be raised above th is  i f  malfunction has not 
occurred to enable a malfunction signature to be obtained as fo r the BCI 
te s t.
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The current flowing in the looms of the EUT can also be measured to 
provide data to aid the clearance authority, although the position of 
the probe becomes more c r it ic a l the higher the frequency.
The maximum applied power to the antenna or the power a t malfunction of 
the EUT as well as the induced current at these two levels are recorded.
5.5.4 Evaluation and Discussion
To determine a suitable l im it  fo r the te s t, the ca lib ra tion  j ig  was 
immersed in  a f ie ld  of lOV/m using standard radiated su sce p tib ility  tes t 
procedure, and the current induced in the rod measured. This was 
measured in two ways, f i r s t ly  by placing a current probe in  the centre 
of the j ig  and using a fib re  optic lin k  to transmit the measured current 
reading back to a remote spectrum analyser, and secondly, by connecting 
the fib re  optic lin k  via a buffer to the termination at one end of the 
rod the voltage across the termination could be measured and hence the 
current could be calculated. However, these two methods did not give 
the same value o f current and on fu rthe r investigation i t  was found that 
the current induced in the rod was not constant along i t s  length and
could vary by as much as 12 to 15dB, possibly because of the non uniform
/
f ie ld  illum ina tion . As the j ig  was terminated each end in i ts  
characte ris tic  impedance, i t  was mistakenly assumed that the current in 
the j ig  would be uniform over the length of the j ig  even though the 
illum ina ting  f ie ld  was not uniform. This obviously was not true , and 
therefore the l im it  would have to be in terms o f the current in the j ig  
as calculated by measuring the voltage at each end and taking the 
highest reading at each frequency.
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This is  not very c lin ic a l and fo r th is  reason the technique was not 
adopted. I t  had another shortcoming in so fa r as the size of the EUT 
was lim ite d ; the method could not be applied to large rack systems which 
could not be placed on the bench ground plane. As a resu lt FS(F)510 at 
the present time only contains the conventional RS03 te s t with the 
modifications suggested in section 4.4.3.
In the frequency band up to 400 MHz therefore the most meaningful and 
re lia b le  results are from the bulk current in jec tion  te s t. Above 400 
MHz work is  s t i l l  in  hand to produce a better technique. At present a 
compact range has been ins ta lled  and is  being evaluated (reference 14). 
Further investigations on US techniques such as mode s t ir r in g  are 
planned.
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6 EVALUATION OF BULK CURRENT
6.1 Introduction
Before a new tes t is  used in practice, i t  needs to be evaluated to 
ensure tha t i t  o ffers an improvement over the tests being superseded and 
to gain confidence in the te s t.
The evaluation o f the te s t method was s p l i t  in to  two parts: -
( i )  An evaluation o f the factors a ffec ting  tes t house repea ta b ility .
( i i )  An evaluation of the re la tionship between tests performed on un its 
of equipment in the laboratory with the behaviour o f the same equipment 
when in s ta lle d  on an a irc ra ft .
6.2 Investigation of tes t method repea tab ility
I t  was necessary to ensure tha t the te s t method would be repeatable 
between te s t houses, and also from day to day, to avoid replacing 
existing  te s t methods with a tes t beset by the same problems. Any new 
te s t must o ffe r real advantages. There were two main areas of concern:-
( i )  Factors a ffecting  the accuracy of the ca lib ra tion  procedure fo r 
the in jec tion  probe.
( i i )  Effects of varia tion of the position of e ithe r the monitor or the 
in jec tion  probe on the re lationship between the forward power delivered 
to the in jec tion  probe and the measured induced current.
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6.2.1 Factors a ffecting  the accuracy of in jec tion  probe ca lib ra tion
For the ca lib ra tion  procedure to be of any meaning, factors which could 
a ffec t i t  were investigated. The most s ign ifica n t appeared to be the 
e ffects of grounding or iso la ting  the ca lib ra tion  j ig ,  cables to the 
in jec tion  probe or the in jec tion  probe i t s e l f ;  va ria tion  of the probe 
position in the ca lib ra tion  j ig .
( i )  Effects of grounds.
The ca lib ra tion  procedure was followed, f i r s t l y ,  with the ca lib ra tion  
j ig  and cables isolated from the shielded room and, secondly, w ith the 
j ig  bonded to the copper ground plane in  the shielded room and the
cables passing through bulkhead connectors to the ca lib ra tion  equipment 
in a shielded annex. The in jec tion  probe in both cases was isolated
from the ca lib ra tion  j ig .  The difference between the two ca lib ra tion  
curves was found to be less than 0.5 dB providing cable losses were 
taken in to  account. I f  the in jec tion  probe was allowed to touch the 
ca lib ra tion  j ig  (neither being insulated) then s ig n ifican t varia tions 
could occur and to overcome th is  problem the centre conductor and the 
inside faces of the j ig  were insulated from one another.
( i i )  E ffect o f probe position on ca lib ra tion
The ca lib ra tion  procedure was repeated using both the ERA 36 and the ERA
37 current probes in various positions and orientations in the
ca lib ra tion  j ig .
Below 200MHz the ca lib ra tion  results fo r e ither probe were not 
s ig n ific a n tly  affected. Above th is  frequency, variations in ca lib ra tion
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fo r the ERA 36 became s ig n ifica n t with variations of up to 20dB. This 
was due mainly to the inherent resonances of the probe and the probe/jig  
combination with the main resonances occurring at 350MHz. These 
variations were not s ig n ifica n t as i t  had already been decided to l im it  
the ERA 36 probe to use below 200MHz.
Variation in the ca lib ra tion  o f the ERA 37 probe with position did not 
become s ig n ifica n t u n til 350MHz with the largest varia tion being 6dB at 
400MHz. In the case of th is  probe, the main resonance occurs at
approximately 430MHz which is  above the frequency range of in te re s t. I t
was found tha t the addition of a top plate to the ca lib ra tion  j ig
reduced the variations below 400MHz to less than 1.5dB.
( i i i )  Thermal e ffects in the in jec tion  probe core.
The in jec tion  probe ca lib ra tion  was s ig n ific a n tly  affected i f  the probe 
overheated to such an extent that the fe r r i te  permeability was affected. 
I t  was found that th is  could considerably reduce the coupling between 
the probe and the ca lib ra tion  j ig  or the loom being tested; the degree 
o f degradation depending on the temperature of the core. This was 
unfortunately a runaway s itua tion  with the core's increasing 
ine ffic iency  and losses accelerating the temperature rise .
Because th is  e ffe c t had been noted on e a rlie r  probe designs, the thermal 
conductivity of the case of the ERA 36 and the ERA 37 had been improved. 
However an experiment to determine the temperature range over which the 
probes could be used was conducted (reference 15). This describes the 
results of the tests on the ERA 36 and ERA 37 probes and the la te s t 
versions of these -  ERA 36A and ERA 37A, and the new minature CP40 probe 
developed fo r a irc ra ft  tes ting .
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The report concluded tha t the factors a ffecting  the temperature rise  of 
the probes are the frequency, the applied power, the physical size of 
the probe and the material from which i t  is  constructed and the ambient 
temperature. The results showed tha t the most rapid rise  in temperature 
fo r the 36 and 37 probes occurred at 200 MHz. I t  recommended tha t a t a 
forward power o f 100 watts, which is  the average level required to meet 
the overtest le ve l, the power should not be applied continuously fo r 
periods exceeding 30 minutes and a duty cycle of 50% maximum should be 
used. For the CP40 which is  o f s ig n ific a n tly  smaller volume, i t  is  
recommended tha t continuous in jec tion  is  lim ited  to 10 to 15 minutes.
6.2.2 E ffect of probe position on te s t re p e a tib ility
The most obvious weakness in  a te s t (such as current in je c tio n ) which 
re lie s  on in jec tion  and monitoring at discrete points on the cable loom 
is  the e ffe c t o f standing waves on the accuracy o f the measurement or 
the coupling e ffic iency . One would expect th is  e ffec t to be most 
pronounced i f  e ithe r probe is  sited a t a current node as th is  is  where 
the magnitude of the current changes most rap id ly with position . This 
is  true whether the lin e  is  lossy or loss-free .
I f  the monitor probe is  sited at a current antinode the e ffe c t o f moving 
i t  e ithe r side o f th is  probe position is  very much less. At 400 MHz, 
ignoring the ve locity  factor of the wire under te s t, the amplitude 
varia tion  can be calculated to be only IdB fo r a 50mm movement from the 
antinode.
However the practical s itua tion  is  complicated by the geometry and 
construction o f the loom being tested and the loading on tha t loom of 
the in jec tion  probes. The high coupling e ffic iency o f these probes
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means they cause the signal source impedance to be transformed in to  a
series impedance on the lines or looms being tested. Theoretical
considerations are fu rther complicated by the f in i te  thickness of the 
in jec tion  or monitor probes as th is  means they measure or In je c t over a 
f in i te  width of the lin e  or loom under te s t.
Measurements were made in a varie ty of s ituations to assess the errors
tha t could occur during equipment testing by variations o f the positions 
of e ithe r probe from the distances specified in the te s t method. 
Typical results are discussed below.
The measurements were made using both an avionic system and a lm lin e  
placed 50mm above a copper ground plane and terminated each end in a 
range of impedances.
Figure 45 shows the coupling measured using a network analyser between 
the in jec tion  probe (ERA 36) and the monitor probe (AIL 94111-1) when 
these were placed around the lm lin e  terminated to ground in a short 
c ir c u it  a t one end and a 2.2kohm re s ito r a t the other. The monitor 
probe was placed 50mm from the short-c ircu ited  end of the lin e  and the 
separation between the in jec tion  probe and the monitor probe was varied 
from 50 to 100mm by moving the in jec tion  probe. In figure  45 the dotted 
lin e  shows the coupling fo r 50mm separation and the so lid  lin e  100mm 
separation. As can be seen the main discrepancy in coupling between the 
two measurements is  above 200 MHz with varia tions o f up to 7dB.
When the measurements were repeated at the high impedance end, the 
variations in position caused a s lig h t s h if t  in the resonant frequency 
but the amplitude remained sensibly the same.
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Figure 46 shows the same measurement made on the control loom of the 
aerial transm itter u n it o f a Doppler navigation system. As can be seen, 
apart from a s lig h t s h if t  o f resonant frequencies, the coupling is  very 
s im ila r.
Next the e ffects of small variations in the position of the monitor 
probe were investigated in a varie ty of s itua tions. Again in i t ia l  
measurements used a 1 metre rod terminated each end in a range of
d iffe re n t impedances. The in jec tion  probe was placed in the centre o f
the rod to allow the monitor probe to be moved along the rod. Figure 47 
shows the coupling between the two probes (ERA 37 and AIL 94111-1) w ith 
the rod terminated in 2.2kohms one end and a short c irc u it  the other. 
The separation o f the monitor probe from the short c ircu ited  end was 
varied from 50mm to 100mm. The dotted lin e  shows the coupling between 
the probes at 50mm separation and the so lid  lin e  at 100mm separation. 
Below 200MHz the coupling values are very s im ila r but they deviate 
s ig n ific a n tly  above th is  frequency. Very s im ila r results were obtained 
with the ERA 36 probe.
I f  the experiment is  repeated with the monitor probe at the high 
impedance end, the coupling fo r the two separations is  s im ila r w ith some 
s lig h t s h if t  of resonant frequency.
Figure 48 shows the results o f s im ila r measurements made on the control 
loom of the Doppler navigation system. As can be seen, below 200MHz,
the coupling values are s im ila r but vary by up to lOdB above th is
frequency.
From these and many other results from s im ila r experiments, i t  is  
apparent tha t great care must be exercised in using the values obtained
-72-
fo r in jected currents at frequencies above 200MHz and they should only 
be used as a guide when comparing them with the currents induced on the 
same looms during the whole a irc ra ft  EMC clearance tests . Experience 
has shown tha t the errors caused by the varia tion  in the position fo r 
e ithe r probe from that specified in the tes t method tend to be less fo r 
m ulti wire looms than fo r a single wire where the Q is  l ik e ly  to be 
higher. In jection probes help to reduce the Q of the lines under tes t 
because of th e ir  high coupling capab ility .
This work is  being extended to study the e ffe c t o f using current clamps 
which extend along a greater length o f cable than the present in je c tion  
probes.
6.3 Relationship Between A irc ra ft and Laboratory Measurements.
6.3.1 General
To assess the e fficacy of the tes t method, a modern medium sized 
he licopter, complete with working avionic equipment, was squired.
Additional transceiver equipment was f i t te d  to enable transmissions to 
be made w ith in  the frequency bands 2 -  30, 30 -  76, 118 -  136 and 225 to 
400 MHz.
The object of th is  part of the work programme was to evaluate the 
re la tionship between between measurements in the laboratory to those on 
a irc ra ft .  Broadly i t  measured the bulk loom currents a t fa ilu re  of 
systems in the a irc ra ft  as a consequence of transmissions in the various 
frequency bands and compared these currents with those obtained in  the
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laboratory at fa ilu re  of the same systems as a consequence of bulk 
current su sce p tib ility  tests.
The results were in the form o f a series of equipment malfunction 
signatures, showing bulk loom current at fa ilu re  against frequency.
6.3.2 A irc ra ft measurements
RF current probes were ins ta lled  around the w iring harnesses of those 
equipments selected fo r  evaluation. The output was transmitted via a 
500MHz fib re  optic lin k  from a irc ra ft  to laboratory (and measured using 
a spectrum analyser). The c r ite r ia  fo r equipment selection were:-
(a) That the system was obviously degraded by cw transmissions in  one 
o f the frequency bands.
(b) That such equipment could easily be removed from the helicopter fo r 
tests in the laboratory.
The three equipments examined during the programme were:-
( i )  The Doppler navigational aid.
( i i )  A hydraulic pressure measuring system.
( i i i )  A turbine in le t  temperature gauge and sensor.
The results of ( i i )  are included in th is  thesis.
With the probes ins ta lled  and e le c trica l systems energised, the on-board 
transm itters were keyed, the induced r f  current flow measured and the 
type of malfunction, i f  any, noted.
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The current measurement probes were Insta lled  as close to each end of 
the looms as possible, preferably w ith in  5cm of the connectors on the 
gauges or sensors.
6.3.3 Laboratory measurements
The systems were then removed from the helicopter and ins ta lled  in a 
shielded room. In general, the w iring looms were fabricated to meet as 
near as possible, each loom specifica tion fo r the a irc ra ft  and were 
supported 50 mm above a low impedance ground plane. Bonding and 
grounding straps were taken to the ground plane as were the items of 
equipment. The tes t equipment layout was as specified by the bulk 
current in jec tion  tes t in FS(F)510 (Appendix C gives the tes t 
procedure).
The r f  measuring probes were placed in the same re la tive  position on the 
w iring looms in the laboratory during the a irc ra ft  tes ts .
The malfunction signature o f the system was measured: the c r ite r ia  fo r 
threshold of malfunction being the same.
6.3.4 Results
The results o f both the a irc ra ft  and laboratory results are shown in 
figure  49, which shows the induced loom current measured as a 
consequence of cw transmissions with the system ins ta lled  in the 
a irc ra ft  compared to the loom current a t malfunction when testing  the 
system in the laboratory. The ,,* " 's  indicate no malfunction occurred on 
the a irc ra ft  and the " (V s  indicate malfunctions. As can be seen the 
current at malfunction induced by the on-board transm itters was in a ll
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cases higher than the threshold o f malfunction in the laboratory (which 
was the desired re s u lt) , the degree of malfunction was also higher. The 
currents induced by the on-board transm itters where no malfunctions 
occurred . was in a ll cases lower than the laboratory currents at 
threshold of malfunction.
These and the other results from the a irc ra ft  showed good agreement 
between the laboratory and a irc ra ft .  A v ita l factor in  achieving th is  
corre la tion was the a b il i ty  to simulate accurately the a irc ra ft  
in s ta lla tio n  in the laboratory. Accurate simulation o f the grounding 
techniques and loom layout, used on the a irc ra ft  is  essential i f  any 
comparison o f laboratory and a irc ra ft  results is  to be made.
When the a irc ra ft  is  available a measurement technique has been devised 
to aid th is . The in jec tion  and monitor probes are placed on the loom 
to be measured on the a irc ra ft  and the current induced in the loom fo r a 
constant forward power is  measured over the frequency range of the te s t. 
This same measurement o f e ffec tive  "loop impedance" is  repeated on the 
system when ins ta lled  in the laboratory and i f  the same re su lt is  not 
obtained a fte r having arranged the layout to be as close to the a irc ra ft  
in s ta lla tio n  as possible, then the loom is  modified by the use of 
fe r r i te  loading or fo i l  wrapping. The fe r r i te  increases the inductance 
and hence the impedance of the loom wheras the fo i l  increases the 
capacitance of the loom to the ground plane and hence e ffe c tive ly  
reduces i t s  impedance. These techniques have been successfully u t ilis e d  
on several systems.
As in normal q u a lifica tion  testing the a irc ra ft  has probably not even 
been b u il t ,  these modifications cannot be made. As an aid to 
iden tify in g  how close to the fin a l in s ta lla tio n  the layout of the
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equipment level tes t was, the bulk current in jec tion  tes t in FS(F)510 
has been modified to ask tes t houses to make the above measurement of 
"loop impedance" and include i t  in  th e ir  te s t report (see Appendix C).
Some problems in corre la tion have occurred when making measurements on 
looms feeding high impedance c irc u itry  in  the HF band. As a resu lt
research is  in  progress to determine the cause of the problem and to
evaluate the requirement fo r an in jec tion  te s t using a capacitive probe 
to be used in addition to the normal current in jec tion  probe in these 
circumstances.
6.4 Multi-loom Bulk Current In jection  Test Method 
6.4.1. Requirement
The main c r it ic is m  tha t can be made of the current in jec tion  technique 
as described so fa r is  tha t i t  only tests one loom at a time and on
modern d ig ita l m ultip le redundant systems th is  is  not adequate as
malfunctions can be masked. As a re su lt, the technique o f simultaneous 
in jec tion  on more than one loom was developed. The in i t ia l  system was 
designed fo r a maximum of four looms due to lack o f te s t equipment but 
the technique is  applicable to as many looms as required.
6.4.2 Test Philosophy
Due to the complexity o f m ultip le  loom in jec tion  i t  was decided to make 
i t  fu l ly  computer contro lled.
There are three possible c r ite r ia  fo r in jec tion  le ve ls :-
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1. Level to induce the same current on each loom under te s t.
2. Level to provide the same power to each in jec tion  probe.
3. Induce a d is tr ib u tio n  o f currents in each loom to the same
proportion as tha t provided by the external f ie ld .
Each o f the three c r ite r ia  has i t s  re la tive  m erits. Under uniform f ie ld  
illum ina tion  o f the system i t  is  arguable tha t 2 and 3 would give the 
same leve ls . I f  the looms under tes t were feeding the same impedances 
which could occur i f  one was testing the same connector to s im ila r boxes 
o f a m ultip le  redundant system; 1,2 and 3 could give the same re su lt.
The software was in i t ia l ly  w ritten  to enable conditions 1 and 2 to be 
simulated and is  at present being modified to enable condition 3 to be 
simulated i f  required. The simulation and requirement fo r th is  la t te r  
condition are described in fu l l  in  section 7.
Condition 1 is  used i f  the system under tes t has m ultip le  redundancy, 
where the in jec tion  te s t is  being applied to the same connector on 
identica l equipments w ith s im ila r loom lengths. The ra tiona le  being
tha t the looms feed identica l c irc u itry  and the impedance o f tha t
c irc u itry  should be the same and therefore providing the illum ina tion  o f 
the system is  uniform the same currents w il l  be induced on those looms.
Condition 2 is  used where the looms under te s t feed d iffe re n t c irc u it ry  
therefore there is  no reason to expect the impedances to be the same or 
the loom lengths to be s im ila r so although the power to the in je c tio n  
probes is  the same the currents w il l  be proportional to the bulk loom 
impedances.
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Condition 3 is  discussed in section 7.
6.4.3 Equipment setup
Figure 50 shows the equipment layout required fo r quad lane in je c tio n . 
The main instrument used fo r both the primary signal source and 
measurement is  a d ig ita l spectrum analyser. This is  used in zero span 
mode ie  tuned via computer control to one frequency only, w ith the
output of i t s  tracking generator providing the primary signal. This is  
fed via a buffer am plifie r to provide adequate signal level and channel 
iso la tion  to four pre-am plifiers providing four signal channels
independently contro llab le  in in i t ia l  amplitude. The pream plifiers 
prevent gain adjustments in one channel causing spurious amplitude 
adjustments in the other channels. The four channels are then fed via 
independantly contro llab le attenuators to seperate power am plifie rs . 
These must be lin e a r over the fu l l  required power range ie  a lOdB change 
in input drive to the am plifie r must produce a corresponding change in
its  output power. The power outputs o f the am plifiers are monitored via 
d irectiona l couplers.
The in jec tion  probes must be accurately matched fo r condition 2, but the 
software takes in to  account probe varia tions fo r conditions 1 and 3. 
The outputs from the monitor probes and d irectional couplers are fed 
back to the spectrum analyser via a bus contolled r f  switch. This 
enables the computer to select the measured power or current from a ll 
the channels.
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The attenuators consist of 6 units in binary coding with a maximum 
attenuation of 63dB contro llab le  in ldB steps. Each u n it is  switched by 
the application of 24 vo lts  dc. This is  provided via a programmable 
switch u n it.
6.4.4 Test Procedure
Both the te s t s ta rt frequency and increments are input via the keyboard 
which then automatically increments to the next frequency a fte r taking 
the required readings.
For each te s t frequency the computer tunes the spectrum analyser with
50dB attenuation set in each channel. This must be high enough, such
tha t in s u ff ic ie n t power is  fed to the probes to cause a malfunction but
high enough to cause a measurable current flow. The gains o f the
pream plifier are adjusted p r io r to each te s t run to ensure adequate 
measurement dynamic range. The computer via the spectrum analyser 
measures e ithe r the forward power to the probes or the injected current 
depending on whether current or power le ve llin g  has been selected in the 
in i t ia l  softkey options. Channel 1 is  the reference channel and the 
difference in  amplitude between the other channels and channel 1 are 
calculated and the attenuators in channel 2 and 3 are adjusted 
accordingly.
At any stage in the measurement, the system can be relevelled using a 
softkey option i f  am plifie r non-linearity  has caused amplitude 
mistracking between the channels.
The power to the probes is  then increased via the spin wheel on the 
computer keyboard in 1 dB increments. I t  is  essential during the
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attenuator switching operation that they do not go short c ir c u it  as 
damage to the EUT could re su lt. The power is  increased to the level o f 
malfunction or the maximum power/current l im it ,  whichever occurs f i r s t .  
At these points the power and current on a ll three channels is  measured 
and recorded via the computer. Up to three separate levels of 
malfunction a t each frequency can be recorded by the computer.
I t  is  essential tha t none of the am plifiers is  driven in to  gain 
compression as th is  w il l  cause the channels to become unlevelled.
At the end of the tes t run, the data is  stored onto disc fo r la te r  
evaluation.
6.4.5 Cross Coupling.
In use the system operates w e ll. The main problem so fa r encountered 
occurs when there is  high cross coupling between the looms under te s t. 
This p rim arily  a ffects conditions where the system is  try ing  to maintain 
leve lled  currents. I t  is  possible to have higher currents flowing on a 
loom with no power to the relevant in jec tion  probe, than in those looms 
where the probes are powered. Under these extreme conditions try ing  to 
induce the same current on the looms is  impractical but i t  is  probably 
the wrong le ve llin g  mode to be employed because exposure o f the system 
to r f  f ie ld s  at the same frequency would resu lt in  a s im ila r imbalance.
Cross coupling between the in jec tion  equipment and measurement equipment 
is  minimised to an in s ig n ifice n t level by equipment segregation and the 
use of double screened coaxial leads fo r a ll connections. Super 
screened leads employing a mumetal sheath in addition to the normal 
copper braid are used in low level signal paths.
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6.4.6 Comparison with Single Loom In jection
Figure 51 shows a comparison of malfunction signatures fo r  a quadruplex 
system using single and quadruplex loom in je c tio n , -the la t te r  using 
current le ve llin g . The system contained four identical computers fed 
from four identica l analogue sensors. In jection was performed on the 
same four connectors on the computer and on the four analogue sensor 
outputs. As can be seen the system was generally up to 7 dB weaker when 
using multiloom in je c tio n . The ATE monitoring the system showed more 
quad lane rather than single lane fa ilu re s . However the e ffe c t was not 
as marked as was expected as the single loom in jec tion  was re a lly  
uncontrolled m ulti loom in jec tion  because of cross coupling causing 
s ig n ifica n t induced currents on the looms not being tested. One of the 
ch ie f advantages of multiloom in je c tio n  therefore, is  to produce a more 
contro lled te s t.
6.5 Mathematical Analysis of Bulk Current In jec tion .
6.5.1 Introduction
The development o f the bulk current in jec tion  te s t method was based on 
experimentation and experience. An analysis of the basic experimental 
configuration has been carried out by Cox (reference 16). A b r ie f 
ou tline  of th is  analysis is  presented in  th is  section.
6.5.2 Analysis
Figure 52 shows the arrangement considered. I t  consists of a single 
wire at a constant height above an in f in ite  perfectly  conducting ground
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plane. The height of the wire above the ground plane is  taken, fo r the
purpose of the analysis to be much smaller than the wavelength of the
excita tion  source.
The method of images is  employed to reduce the arrangement depicted in 
figure  52 to tha t of figure  53. By u t i l is in g  the method of images, the 
problem of boundary conditions a t the ground plane is  avoided, and
elementary transmission lin e  theory can then be applied. Referring to
figure  53, the mechanism by which both portions of the lin e  are excited, 
is  by the e le c tr ic  f ie ld  produced by the a lternating flu x  between the 
two closest portions of the real and image toro ids. This is  apparent by 
the application o f Maxwell's th ird  equation
cun e = -  dB/4t ............................................... [ i ]
which upon application of Stokes’ Theorem becomes
/  E.dl = -  J f i B / i t  M  ......................... . . . [ 2 ]
Where A = surface area vector, B = flu x  density over A 
E = e le c tr ic  f ie ld  vector on the perimeter 1 of A
This equation implies the existence o f e le c tric  fie ld s  around the 
perimeter of the area. Assuming lossless conductors, the e le c tr ic  f ie ld  
pa ra lle l to the surface of the lin e  can be neglected leaving the 
e le c tr ic  fie ld s  and E2 (figure  S3'). The corresponding voltages 
between the lines Vj and V2 are given
V1 = 2Eid ...........................................  [3 ]
V2 « 2E2d ...................................................... [4 ]
d = height o f the wire above the ground plane.
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These voltages produce currents in the LH and RH portions of the 
conductor which with the image conductor can be considered as a para lle l 
(Lecher) transmission lin e  with a separation of 2d.
For convenience the analysis assumes that the in jec tion  probe is  
in fin ite s im a lly  th in  so that the voltage in the LH and RH portions of 
the lin e  varies smoothly except at x=0 where there is  a discontinuous 
change. This s im p lifica tion  lim its  the upper frequency o f the analysis 
to about 600MHz. Thus the e le c tr ic  f ie ld s  Ej and E2 and voltages Vi and 
V2 re fe r to values at x=0 but on the LH and RH sides of the to ro id .
In the LH and RH portions of the lin e , transmission lin e  solutions fo r 
the lin e  voltages and currents are assumed with the usual form:-
RHS o f the to ro id  V2 = A2 e j(w t*kx) + B2 e j(w t+kx) ........................ [5 ]
C and L = capacitance and inductance per u n it length of the lin e . 
S im ila rly  fo r the LH side of the l in e :-
where A i#A2 ,B i, and B2 are constants fixed by the boundary conditions.
At x=0 continu ity of conduction currents ex is t: there being no current
h  * (A2 e j(w t-kx ) _ b2 e j(w t+kx))................[6 ]
= a2 e J (wt~kx> + Bj e j(wt+kx)......................... [7]
= /^ L  (Ai e j<wt- kx) + Bi e J*(wt+kx)).......... [8]
source or sink so : -  1^(0) = I 2 (0) . .  
Using Ohm's law :-
2 I 2 (**2 )z2 = v2 ( 12) • 
and - 2 l 2 ( l i ) Z i  = V2 (-11 )
C9]
[10]
[11]
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By su b s titu tin g  in equations 5 ,6 ,7 ,and 8 i t  can be shown th a t :
v . — r  ijk t.
<q -  1) -  <q + 1)e (p ♦ D -  (P “  D e
♦
where I ® pWrcary current
P=2xZ2 yc/L , p  = re la tive  permeability
q=2xZi t /L  Vq = magnitude of the voltage impressed at
the primary terminals.
N= number of primary turns.
C and L are the capacitance and inductance per u n it length respectively 
of the para lle l wire transmission lin e  formed by the real and image 
wires.
6.5.3 Experimental Corroboration
To date experimental corroboration has been lim ited to developing an 
understanding of the in jec tion  mechanism. Comparison between analysis 
and experiment is  complicated by the v a r ia b il ity  in the magnetic
properties of the fe r r ite  core ( i .e .  permeability and losses) with
frequency, core flu x  density, etc.
The treatment of the core material v a r ia b il ity  in  the analysis was
checked by arranging the lin e  length to be e le c tr ic a lly  small. To th is  
end an in jec tion  probe was placed in the standard bulk current in je c tion  
ca lib ra tion  j ig  with a 50 ohm load on one port and a 50 ohm voltmeter on 
the other (figure  59). The forward power to the probe was measured and
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calculations were arranged so that V0 in equation 12 corresponded to the * 
forward power using the follow ing equation : -
Z j = impedance of the in je c to r at the terminals o f the primary
winding.
Vo = the voltage impressed at the in je c to r primary winding
Zo = the characteris tic  impedance of the transmission lin e  
connecting the power source to the in jec tion  probe.
Th value of Vq thus obtained enabled the current induced in the j ig  to 
be calculated and checked against experiment. As can be seen from the 
fo llow ing table agreement was w ith in  3dB.
Frequency Forward Power to Current Induced in
MHz the in jec tion  probe the j i g -  dB(uA)
in  terms of Vn (dB(uV) Calc. Expt.
2 160 112 110
10 140 101 100
30 154 116 115
200 142 103 100
Analytical checks confirmed the v a lid ity  o f equation 12 fo r the case of 
e le c tr ic a lly  long lin e  lengths in the absence of experimental data (see 
reference 16).
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6 .5 .4  Discussion
The analysis indicated tha t the configuration studied looks lik e  two 
transmission lines connected "back to back". Each lin e  presents an 
impedance at the in jec tion  point which is  a function o f frequency, lin e  
length, characteris tic  impedance of the lin e  and terminating impedance. 
Thus the performance of the in jec tion  probe and hence the results of the 
tes t are dependant on the loom length and terminating impedance. I t  is  
therefore essential fo r the tes t to simulate the a irc ra ft  in s ta lla t io n , 
and fo r the loom lengths and system interfaces to be as the actual 
in s ta lla t io n . This is  especially important where the equipment under 
tes t feeds simulated loads.
This is  however not a problem unique to the bulk current tes t but
applies equally to a ll EMC tests. The results of a practica l
measurement where the lead lengths were d ra s tica lly  altered showed 
differences at the resonances but generally the tes t results were the 
same. In the normal tes t s itua tion  we are dealing with m ulti wire looms 
where the e ffe c t of individual lin e  or c ir c u it  resonances tend to  be 
masked by the e ffe c t of other lines .
I t  can be misleading under certa in circumstances to re ly  too much on 
mathematical analysis where s im p lified  situations only can be examined. 
The complexity of the real l i f e  s itua tion  cannot be accurately modelled. 
Minor changes in the layup o f the wires in a loom or the position of 
tha t loom in the a irc ra ft  can lead to large variations in induced
currents especially at resonances. At the fin a l count what matters is
what is  actually induced in the looms of the "real l i f e "  a irc ra ft  by the 
illum ina ting  f ie ld ,  rather than what is  predicted. However, the
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mathematical analysis is  essential to fu l ly  understand the in jec tion  
mechanism and the factors that a ffe c t the design of the in jec tion  probe.
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7 THE APPLICATION OF BULK CURRENT INJECTION TO AIRCRAFT CLEARANCE
7.1 Introduction
One of the major requirements fo r the work described in th is  thesis was 
to produce EMC te s t techniques which could be used to aid the task of 
a irc ra ft  clearance. The bulk current in jec tion  tes t method appeared 
early on to meet th is  requirement and t r ia ls  involving a irc ra ft  were 
instigated to evaluate th is  p o s s ib ility  (see also section 6 .3).
7.2 Previous Clearance Techniques
The a irc ra ft  is  illum inated by an external r f  f ie ld  generated by a range 
of antennas and associated transm itters and also radar un its . The 
system under tes t is  then cleared e ithe r to  the f ie ld  level a t which the 
threshold of malfunction is  detected or i f  malfunction does not occur to 
the maximum f ie ld  that can be generated. For clearance purposes a 
safety margin is  applied to the external fie ld s  which is  ty p ic a lly  a 
facto r of 2 to 10 times (6 -  20dB) depending on the system being 
assessed. These safety margins are to allow fo r  measurement e rro r, 
su sce p tib ility  differences between equipments, varia tions in 
in s ta lla tio n  and between a irc ra ft  o f the same type. This allows 
clearance to be given on a f le e t o f a irc ra ft  w h ils t tests may only be 
made on one a irc ra ft  (see also section 5.2).
The technique seems reasonable, however outside the frequency bands in 
which the radars are used i t  is  impractical to generate uniform 
electromagnetic fie ld s  of adequate level to measure th is  safety margin 
over the volume of an a irc ra ft ,  with the fa c i l i t ie s  currently ava ilab le . 
Specification levels are ty p ica lly  200 V/m in the HF band and 60 Y/m in
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the V/UHF band apart from the radar band of 200 to 225 MHz. I f
allowance is  made fo r a safety margin of 10 (20 dB) 2000 and 600 V/m
respectively would have to be generated. To obtain a reasonably uniform 
f ie ld ,  the a irc ra ft  needs to be at least 20 metres from the antennas in
order to reduce the coupling between the a irc ra ft  and the antennas. In
the HF band existing  fa c i l i t ie s  generated approximately 10 -  20 V/m at 
th is  range with an input power of 17 kW.
For the higher f ie ld  strength testing the a irc ra ft  had to be moved 
closer to the antenna, even then the maximum indicated f ie ld  was only 50 
-  100 V/m; fo r th is  level the a irc ra ft  w ingtip could be less than 2 m 
from the antenna and the f ie ld  over the a irc ra ft  was very non-uniform. 
Consequently i t  was very d i f f ic u l t  to determine the e ffec tive  f ie ld
strength at the a irc ra f t ,  since measurements of the induced currents at 
both the 100 and 10 V/m positions did not show the expected lin ea r 
re la tionsh ip  to one another. As a resu lt stating an a irc ra ft  was
cleared to a given f ie ld  strength based on measurements close to the 
antenna was inaccurate. Using the current high f ie ld  illum ination  
fa c i l i t ie s  alone, clearance of a irc ra ft  is  often lim ited  to the 
capab ilitie s  of the fa c i l i t y  and not by a irc ra ft  system performance
which is  unsatisfactory. At the time o f w ritin g  th is  report the 
fa c i l i t ie s  at A&AEE were being extensively upgraded to reduce these 
problems and give increased fie ld s  a t greater distances.
In the V/UHF band local illum ina tion  at a range o f 2 to 3 metres is  used 
with 1 kW input power to the aeria ls giving 60 -  80 V/m allowing a 
clearance of 6 to 8 V/m or 30 to 40 V/m. This local illum ina tion  is  not 
satis factory on complex systems with w iring d is tribu ted  over the whole 
a irc ra ft .
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The po larisation used is  nominally horizon ta lly  polarised to 200 MHz and 
v e r tic a lly  polarised from 200 to 400 MHz. I t  is  very dangerous to
assume that one polarisation w il l  always give the maximum coupling to
the a irc ra ft  looms. Recent measurements at RAE have shown that th is
assumption is  not necessarily correct. In order to try  and improve the
t
s itua tion  RAE in conjunction with ERA have been investigating the design 
of higher gain antennas which w il l  generate 20 V/m in the HF band and 60 
V/m in the V/UHF band fo r 1 kW input power a t a distance of 20 metres. 
These antennas o ffe r s ig n ifica n t f ie ld  l in e a r ity  improvements over those 
currently  used, but do not have the capab ility  o f producing the required 
fu l l  th reat f ie ld s . To remove the a irc ra ft  from ground effects 
p a rticu la r ly  with horizonta lly  polarised antennas i t  is  recommended tha t
the a irc ra ft  be placed on a non-conducting stand of minimum height 3 m.
For v e r tic a lly  polarised antennas th is  is  probably less important. This 
is  now being carried out a t A&AEE.
So fa r the results have been promising with the design aims being
achieved apart from the low frequency end of the HF band. S u ffic ie n t 
beamwidth is  available to uniformly illum inate  the whole o f a fig h te r 
a irc ra ft  or helicopter at 20 metres fo r both f ie ld  po larisa tions.
High f ie ld  illum ina tion , however, can only be performed at spot 
frequencies so as to avoid interference to other spectrum users, and 
th is  can lead to inaccurate tes t results as resonances in  the induced 
current p ro file  can be easily missed. A technique capable of g iv ing 
continuous frequency coverage is  required and is  discussed next.
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7.3 A lte rn a tiv e  Technique
7.3.1 Discussion
To produce the necessary f ie ld  strengths including the required safety 
margins requires very high antenna input powers. The high 
electromagnetic fie ld s  would cause severe interference problems to 
adjacent communication equipments both in  and out o f band by harmonic 
breakthrough and receiver desensitisation. In addition there are 
enormous technical problems in  constructing a range of antennas to 
handle the power over the required frequency range. Hence due to the 
d if f ic u lt ie s ,  cost and interference of high f ie ld  generation another 
approach is  required.
Such an a lte rna tive  approach which w il l  cover the frequency range 2 to 
400 MHz is  to combine the bulk current in jec tion  technique w ith 
rad iating the a irc ra ft  with a swept frequency low strength r f  f ie ld .  
The bulk current te s t method (described in sections 6 and 7) was 
prim arily  developed fo r q u a lifica tio n  testing  of equipments in  the 
laboratory p r io r to in s ta lla tio n  on the a irc ra ft .  The technique has 
also been used successfully to tes t equipments ins ta lle d  in the 
a irc ra ft .
The a lte rna tive  approach consists of four parts; the object of the f i r s t  
is  to determine the malfunction levels o f the equipments over the 
complete frequency range in the tes t laboratory. The object o f the 
second is  to determine the coupling between external electromagnetic 
fie ld s  and cables inside the a irc ra ft .  The objectives of the th ird  are 
to determine the fu l l  threat cable currents and then to determine the
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equipment's su sce p tib ility  to these leve ls. F ina lly  spot frequency high 
f ie ld  illum ina tion  is  applied to the a irc ra ft  as a confirmatory te s t.
The three parts involve testing as shown below:-
(A) The equipment is  tested using the bulk current tes t method during 
i ts  q u a lifica tio n  tes ting ; th is  is  already being done fo r certa in types
of equipment. This tes t w il l  enable the e le c tr ic a lly  weak cable looms
to be highlighted and possible fa ilu re  modes to be determined. During 
testing  the current a t malfunction fo r each frequency on each loom is  
measured and recorded fo r la te r  comparison with the results from the
whole a irc ra ft  tests. This enables equipment testing and hardening to
be undertaken during the development phase and before an a irc ra f t  is
available. The power required by the in jec tion  probe to cause 
malfunction is  also recorded and compared with the lim its  set by the EMC 
standard to enable EMC to be w ritten  in to  the equipment procurement
contracts.
(B) The a irc ra ft  is  placed in a uniform low level swept r f  f ie ld  giving 
continuous frequency coverage and the loom currents measured on the
system under tes t over the required frequency band. The currents
measured can be used to determine what currents would be present on the 
looms i f  the fu l l  threat f ie ld  including safety margins was present. 
The f ie ld  can be produced by a varie ty of techniques, however the use o f 
portable broadband antennas is  most f le x ib le , covers the widest 
frequency range and is  probably the cheapest. I t  allows fo r  both 
v e r tic a lly  and horizonta lly  polarised fie ld s  which recent measurements 
have shown to be necessary. I t  also readily allows the a irc ra ft  to be 
rotated in the f ie ld  to determine maximum coupling. The tes t is  
performed fo r the various a irc ra ft  and stores configurations and
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a irc ra ft  o rienta tions, and a worst case induced current p ro file  is  
produced fo r the various systems being evaluated. The technique is  
described in fu l l  below (section 7 .3 .2).
(C) The system is  tested using BCI w ith the te s t levels derived from
(B). Every loom is  tested in the system by in jec ting  and measuring the 
induced current on tha t loom in  accordance with Appendix C. I f  a loom 
branches, each branch is  also tested. The level in jected is  that to 
cause the defined malfunction or an upper power l im it .  The number o f 
looms tested can probably be reduced by comparing the extrapolated 
currents w ith the currents a t malfunction obtained in (A). I f  they are 
s ig n if ic a n tly  lower (20 dB fo r example) tha t loom could be elim inated.
(D) Confirmatory high f ie ld  illum ina tion  tests of the whole a irc ra ft  
using the worst case configurations determined in (B) to confirm the 
v a lid ity  o f the resu lts . This can only be performed i f  the f ie ld  is  
high enough to cause malfunction of the a irc ra ft  systems.
For systems which have b u il t  in  redundancy, multi-loom in je c tion  
techniques w il l  have to be used in (A) and (C). This was fu l ly  
discussed in section 6.4. The "worst case" current p ro file  from the low 
level swept testing in  (B) can be used to determine the re la tive  leve ls 
of current to be injected in (C). The software fo r the multi-loom BCI 
tes t can automatically use th is  "weighted data" from the low level swept 
tests .
7.3.2 Low level swept testing
7.3.2.1 Requirement
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This tes t produces the required data fo r the corre lation of the BCI 
results with the external f ie ld ,  by measuring the bulk loom currents 
induced in the ins ta lled  system by a known low level f ie ld ,  and 
extrapolates the value to that which would be obtained a t the fu l l  
threat f ie ld  or at the desired clearance levels of external r f  f ie ld .
During prelim inary equipment q u a lifica tio n  testing of a new a irc ra ft  
these results are of course not available to aid in setting the 
q u a lifica tio n  lim its  and therefore have to be based on experience. 
However the technique is  o f use once the a irc ra ft  is  b u il t  to assess the 
severity o f the equipment q u a lifica tio n  tes ts . The main use is  as an 
aid to a irc ra ft  clearance where i t  is  used in conjunction with BCI 
testing  o f the ins ta lled  system on the a irc ra ft .
Another use is  in  hardening equipment which has shown a su sce p tib ility  
problem as the degree o f extra hardness can be related to the f ie ld  
strength using low level swept techniques combined with BCI. Also the 
e ffe c t o f improving the fuselage shielding o f the a irc ra ft  can be 
readily assessed.
The measurement procedure had to continuosly cover the frequency band o f 
the BCI tes t ye t accurately determine the frequency of any resonances 
where maximum coupling occurred. As i t  is  essential to sweep the 
specified frequency band, the f ie ld  had to be low level to minimise 
interference to other users but be high enough to produce a measurable 
current flow in the a irc ra ft 's  w iring looms. To fu rthe r minimise 
interference and tes t costs, the technique had to be rapid -  th is  meant 
i t  had to be fu l ly  computer controlled with computer storage of the 
data.
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7 .3 .2 .2  Test procedure
The tes t consists of two phases. F irs t ly  the f ie ld  generated over the 
measurement frequency range at the location o f the a irc ra ft  (p rio r to 
i t s  in s ta lla tio n ) is  measured , and secondly the currents induced in the 
a irc ra f t 's  w iring looms by the f ie ld  are determined and normalised to a 
u n it f ie ld  strength. Figure 54 shows the test layout fo r the f ie ld  
ca lib ra tion  and figure  55, the layout fo r the measurement o f induced 
currents.
The radiating antenna is  placed as fa r from the intended location o f the 
a irc ra ft  as possible so as to provide uniform illum ina tion  over the 
required tes t area. This is  a compromise between having a high enough 
signal to produce measurable current flow on the a irc ra ft  w iring and not 
so high as to cause interference to other spectrum users. With the 
present system described here, the separation distance is  a t least 20m 
from the centre of the te s t s ite . This produces less than a 1 dB 
varia tion  over the length o f a f ig h te r a irc ra ft .  A measuring antenna is  
placed at the location of the a irc ra ft  p r io r to the placement of the 
a irc ra ft .  The antenna normally used is  a DDot sensor so named as i t s  
output voltage is  proportional to the d iffe re n tia l of the displacement 
vector: -
V0= RA dD/dT COS(b) 
where VQ = sensor output voltage, D = magnitude of the displacement 
vector, A = e ffec tive  area o f the sensor, R = sensor characte ris tic  load 
impedance, and b = angle between the displacement vector and the sensor 
ground plane.
The sensor is  normally used fo r the measurement of pulse fie ld s  in 
conjunction with an in tegrator but i t  also can be used to measure cw
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f ie ld s  where the use of an in tegrator is  not required. I t  is
e ffe c tive ly  a broadband short dipole. A BDot sensor is  sometimes also 
used to assess the magnetic f ie ld .  The received signal is  fed via a 
1GHz fib re  optic lin k  to the input of a computer controlled spectrum 
analyser; the whole measurement being computer contro lled. The fib re  
optic lin k  is  essential to provide iso la tion  and prevent stray pick up 
problems. The head of the fib re  optic lin k  is  placed as close to the 
receive antenna as possible so as to keep the length of the 
interconnecting cable short.
The te s t f ie ld  is  radiated from various antennas which are selected 
depending on the frequency range. For the band 2 - 3 0  MHz a " fa t  
dipole" nominally tuned to 10 MHz is  used. Figure 56 and 57 show
typ ica l measurements o f the f ie ld  generated by th is  antenna a t 20 m 
range. As can be seen, i t  is  free of deep resonances and f ie ld  
strengths of up to lV/m were obtained. I t  is  important fo r  the f ie ld  to 
be free of resonances as i t  makes the results more repeatible and
in te rpo la tion  routines in the current normalisation calculations more 
accurate and fas te r. Figures 58 and 59 show the wave impedance o f these 
fie ld s  which w ith in  measurement error do not deviate excessively from 
tha t o f "free space" down to 7MHz. The wave impedance is  s im p lis tic a lly  
calculated by measuring the e le c tr ic  and i ts  associated orthogonal 
magnetic f ie ld  (assuming fa r f ie ld  conditions) and ignoring phase. 
The antenna is  fed via a broadband balun from a 100 watt broadband 
am p lifie r. In the band 30 - 200 MHz, a broadband dipole is  used and 
from 200 -  1 GHz a log conical antenna is  used. This la t te r  is
c irc u la r ly  polarised whereas the other antennas are lin e a rly  polarised 
and two runs must be made in each po larisation to ensure the maximum 
coupling is  measured. The antennas presently used are being revised
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with the in tention of using no more than two to cover the complete 
frequency range.
The signal to the transm itting antenna is  derived from the tracking 
generator output o f the spectrum analyser and amplified to the required 
level by means of a linea r power a m p lifie r. The power required depends 
on the coupling to the a irc ra ft  looms -  the higher the coupling the less 
the transmitted power to cause a measurable s ignal. The output power 
from the am plifie r is  measured by an in - lin e  d irectional coupler, which 
is  automatically interrogated by the computer. This information is  
stored to ensure tha t the same power is  used fo r a ll the runs. I t  is  
essential tha t the power used in ca lib ra ting  the tes t volume is  tha t 
used fo r  measuring the induced current. The computer measures the f ie ld  
induced a t the te s t s ite  over the frequency range of the te s t (with 
antenna change as necessary) and stores th is  ca lib ra tion  data on disc. 
This data is  used to normalise the induced loom currents to any required 
reference f ie ld  strength.
A fte r ca lib ra ting  the pan, the measuring antenna is  replaced by the 
a irc ra ft  and current probes are placed on the looms to be monitored. As
a four input fib re  optic lin k  is  used to connect the current probes to
the spectrum analyser, the software sequentially measures the currents 
induced on up to four looms. Recently the software has been modified to 
drive up to three fib re  optic lin ks  enabling twelve looms to be
monitored at a time. The fib re  optic lin k  connection to the a irc ra ft
is  essential so as to preserve the a irc ra ft  shielding and to provide 
iso la tio n .
To maintain iso la tion  the a irc ra ft  is  usually tested w h ils t unpowered, 
as the connection of ground power and hydraulics to the a irc ra f t
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produces erroneous results due to the coupling of the f ie ld  in to  these 
systems and to the a irc ra ft .  I t  could be argued tha t the system should 
be powered fo r  these measurements to give the normal impedances at each 
end of the lin e  but providing the loom under te s t is  a multi wire type 
th is  e ffe c t is  not as s ig n ifica n t as extraneous cables being connected 
to the a irc ra ft .  I f  the loom under tes t is  o f only 1 or 2 wires going 
to a relay then being unpowered could produce s ig n ifica n t errors. The 
optimum condition is  under engine derived power but th is  is  expensive 
and hazardous and hence is  only performed as a confirmatory te s t.
With the probes in place, the currents induced on the looms as a re su lt 
o f the low level swept f ie ld  are measured and normalised to the desired 
f ie ld  strength using the ca lib ra tion  figures stored previously. The 
results can be plotted or stored fo r la te r  evaluation.
Because o f the inherent noise f lo o r  of the fib re  optic l in k ,  Miniature 
battery powered quad pream plifiers have been developed to improve 
s e n s it iv ity  below 5MHz and these are sited between the current probes 
and the fib re  optic lin k  transm itter head.
The tes t is  repeated fo r several orientations of the a irc ra ft  and fo r 
other stores loading i f  required to obtain a worst case value o f induced 
current. The actual time required fo r each run over the complete
frequency range is  of the order of 5 to 10 minutes per loom compared
with the present times o f nearly 2 hours fo r conventional high power
tes ting . I t  therefore o ffe rs considerable time advantages.
Figure 60 shows typ ica l results with the currents induced fo r a 
normalised f ie ld  of lV/m fo r both ve rtica l and horizontal po larisa tions. 
Although the horizonta lly  polarised f ie ld  usually produces the highest
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currents In the HF band th is  is  not always true and fo r the results 
shown, the ve rtica l f ie ld  has produced the highest currents over large 
parts of the frequency band. This shows how essential i t  is  fo r both 
polarisations to be measured.
The results fo r the various orientations and stores configurations are 
superimposed to enable a worst case current p ro file  to be produced fo r 
each loom fo r comparison with the BCI resu lts .
7.3.2.3 Software description
To provide the required speed of tes t and rapid resu lt evaluation the 
whole tes t is  computer contro lled by an HP200 series computer. Three 
options are provided, the measurement of power to the transm itting
antenna, measurement o f the resultant f ie ld ,  and measurement o f the
induced currents. The correction factors fo r the various sensors used
to make these measurements are stored on disc.
At the s ta rt o f the measurement, softkey options enable the frequency 
range and the frequency incremental step to be selected. These two 
parameters determine the number of measurement points. Although the 
frequency coverage is  continuous, measurements are made in  a series o f 
incremental steps with the maximum and minimum values of induced current 
in each step being recorded. This technique ensures tha t a ll resonances 
are accurately measured without recording excessive data. The smaller 
the step size the greater the frequency measurement accuracy. Normal 
step sizes used are 1MHz in the HF band and 5 to 10 MHz above th is .
The results o f the measurements are hard copied as well as stored on 
disc. As a back-up measure, a fte r the stepped measurement run is
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completed, the spectrum analyser display is  set to cover tne wnoie 
frequency band of the te s t and th is  raw data is  recorded. This enables 
v e r if ic a tio n  of any anomolies in the stepped data which may have been 
caused by extraneous transmissions, as well as providing a complete 
record fo r future use. Figure 61 shows a typical p lo t o f the 
uncorrected current. This il lu s tra te s  the need fo r continuous swept 
measurements with the presence of sharp resonances in the induced 
current. Below 5MHz the signal is  below the noise flo o r of the 
analyser.
Comparison measurements have been made of currents induced by high level 
illum ina tion  to those determined by extrapolation from low level 
illum ina tion  to determine whether the extrapolation was va lid , fo r 
m u lti- lin e  looms th is  has been found to be so.
The system has now been improved with more e ff ic ie n t antennas enabling 
measurements to be made to less than 1 MHz and using m ultip le  antennas 
to surround the a irc ra ft  removing the need to rotate the a irc ra ft  thus 
saving time.
7.3.3 Conclusions
The technique described is  more complex than tha t currently used but 
need only be applied to f l ig h t  safety c r it ic a l equipment or armament 
systems where there is  a safety im p lica tion . I t  does however allow 
clearance to be given to higher levels than those currently possible or 
practical and in a ll p robab ility  gives more consistent results due to 
the uniform illum ina tion  of the a irc ra ft .  I t  is  probably quicker in  
clearing a wide range o f weapon loads on a stores management system as
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BCI tests are independent of load and only swept measurements in a low 
level r f  f ie ld  would be required fo r each load.
The current in jec tion  technique is  very e ff ic ie n t in terms of power to
give the desired in jec tion  current. Typically to produce the currents 
that would be obtained in a f ie ld  of 200V/m in the HF frequency band 
requires between 5 and 50 watts depending on loom location. By 
comparison existing fa c i l i t ie s  would require several hundred kilowatts 
of power to generate the same f ie ld  in tens ity  20 metres from the 
a irc ra f t .  The RAE mobile aeria l farm would require 100 kW fo r the same 
f ie ld  in te n s ity . Since BCI couples the electromagnetic energy where i t  
is  required there is  no interference to a ir f ie ld  or other equipment. 
Also the cost of the equipment is  much less than tha t required to 
produce the equivalent high power f ie ld s .
The technique described in th is  section o ffe rs several advantages over 
previous clearance methods in the band 2 to 400 MHz.
(a) I t  enables clearance to fu l l  th reat levels as specified to be made,
by a combination of a irc ra ft  illum ina tion  and bulk current tes ting .
(b) As very low level swept frequency techniques can be used a more 
thorough frequency coverage is  possible, compared with only spot 
frequencies in the existing  high f ie ld  fa c i l i t ie s .  Hence sharp 
resonances in the cable looms to external f ie ld  coupling are less lik e ly  
to be missed.
(c) I t  enables the e ffe c t of both horizon ta lly  and v e r tic a lly  polarised 
EM fie ld s  to be measured on the a irc ra ft ,  rather than the normal 
technique of using a single polarisation only. Recent measurements have
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shown i t  is  dangerous to ignore v e r tic a lly  polarised fie ld s  as at some 
frequencies they can produce the highest loom currents depending on the 
loom routing w ith in  the a irc ra ft .
(d) The capita l cost of the equipment is  s ig n ifica n tly  less than tha t 
required fo r high power f ie ld  generation. The equipment is  also
portable enabling testing  to be undertaken at other s ites i f  required.
(e) The low level swept technique enables rapid assessment o f the worst 
case illum ina tion  angle and a irc ra ft/s to re s  configuration fo r
confirmatory high f ie ld  tes ting . Without th is  technique, undertesting 
may re su lt.
(e) I t  causes less interference to the surrounding area requiring only 
s u ffic ie n t f ie ld  to enable the induced currents to be measured.
The main c r it ic is m  of the technique is  that during the BCI tests the 
current div is ions on the w iring looms are not necessarily the same as 
those produced by the external f ie ld .  There is  no unique external f ie ld  
however, and the possible d iv is ion o f currents induced in the looms by 
the action of an external f ie ld  is  in f in i te .  I t  is  expected tha t th is
procedure w il l  cover the worst case s itua tion  with adequate safety
margins.
The technique has now been applied to three a irc ra ft  with encouraging 
resu lts .
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8 PRESENT AND FUTURE WORK PROGRAMME
Although improvements in te s t methods have been made there are s t i l l  
many problem areas which are being investigated or w il l  be in the 
fu ture .
Although not covered by th is  thesis the transient tests have been 
revised, ra tiona lised, and have been incorporated in FS(F)510. These 
tests employ the bulk current in jec tion  technique to in je c t damped 
sinusoid waveforms onto the loom under te s t. Work is  in hand to combine 
the EMP requirement with the EMC transient requirements to reduce test 
costs.
A replacement fo r the existing radiated su sce p tib ility  te s t is  s t i l l  
desperately needed and the compact range technique is  being evaluated 
fo r frequencies above 400MHz which is  the upper frequency fo r the bulk 
current in jec tion  te s t.
The development o f a capacitive probe fo r in jec tion  on high impedance 
c irc u itry  or rack back planes is  under development.
Correlation exercises are s t i l l  being performed in evaluating weighted 
multi-loom bulk current in jec tion  and both the frequency range of the 
BCI te s t and the low level swept technique are being extended as low in 
frequency as possible.
Further evaluation o f improved designs of high gain antennas fo r high 
level confirmatory f ie ld  testing of whole a irc ra ft  is  also being 
continued.
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9 CONCLUSIONS
As was mentioned at the s ta rt of th is  report, c r it ic is in g  EMC te s t 
methods is  easy; producing te s t methods which are s ig n ific e n tly  be tte r 
is  extremely d i f f ic u l t ;  producing tes t methods which d ire c tly  and 
accurately represent the a irc ra ft  environment with no shortcomings and 
cost penalties is  impossible.
A ll the modifications id e n tifie d  in th is  report have been included in 
FS(F)510 and in the a irs ide requirements fo r the d ra ft tr i-s e rv ic e  
Defence Standard 59-41. Some of these modifications have also been 
included in a d ra ft Aerospace Recommended Practice (ARP) document from 
the US Society o f Automotive Engineer's (SAE). The tests go a long way 
to improving and ra tion a lis ing  the s itua tion  but there is  no room fo r  
complacency. Where possible fu rthe r improvements w ill be made and 
incorporated in the specifica tions. There are s t i l l  too many 
specifica tion  tests which are performed fo r no other good reason than 
tra d it io n . FS(F)510 s t i l l  contains some of these tests fo r no good 
technical reason other than to make the specifica tion acceptable to the 
procurers. An education process is  required to elim inate these fin a l 
vestiges o f outmoded th inking.
The main te s t techniques developed in th is  work programme are gaining 
wide acceptance and BCI coupled with low level swept illum ina tion  is  
proving to be an extremely valuable aid to a irc ra ft  clearance and 
diagnosing EMC problems.
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APPENDIX A
GLOSSARY OF ABBREVIATIONS
A&AEE = A irc ra ft and Armament Experimental Establishment
ARP = Aerospace Recommended Practice
BCI = Bulk current in jec tion
cw = Carrier wave
dB = Decibel
EMC = Electro-magnetic com patib ility
EMP = Electro-magnetic pulse
EUT = Equipment under tes t
FS(F) = F lig h t Systems Department (Farnborough)
PEP = Peak envelope power
RAE = Royal A irc ra ft Establishment
r f = Radio frequency
SAE = Socity of Automotive Engineers
SMS = Stores management system
SSB = Single side band
uA = Micro amp
uV = Micro v o lt
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APPENDIX B 
STANDARD EMI/EMC TERMS AND DEFINITIONS
AMBIENT EMISSIONS: The background level of electromagnetic energy
emanating from sources other than an EUT such as atmospheric and man 
made noise. The emissions which are present with the EUT de-energised 
and te s t equipment energised.
ANECHOIC CHAMBER: A microwave darkroom fo r performing radiated tes t
measurements, usually above 200 MHz. The re flec tio n  co e ffic ie n t 
( re f le c t iv ity )  of the chamber walls is  usually less than about 0.01 (40
dB) above some stated frequency, such as 1 GHz.
ANTENNA: A transducer which e ithe r launches r f  power in to  space from a
signal source, or intercepts a rriv ing  r f  power transforming i t  in to  a 
signal in  a receiver input transmission lin e .
ANTENNA COUNTERPOISE: A so lid  sheet-metal slab, a screen or a web which
provides a ground reference plane fo r an antenna, such as an e le c tr ic  
f ie ld  rod. A counterpoise may be d ire c tly  or capacitive ly coupled to 
earth ground.
ANTENNA CORRECTION FACTOR (fo r the ca lcu lation of f ie ld  strength): That
factor which, when applied to the voltage a t the input terminals of the 
measuring instrument, y ie lds  the e le c tr ic  f ie ld  strength in volts/metre 
or the magnetic f ie ld  strength in  amperes/metre. To th is  fac to r should 
be added any mismatch and interconnecting cable losses to determine the 
overall correction fac to r.
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BANDWIDTHS: The extent of a continuous range of frequencies over which
the gain of the receiver or am p lifie r does not d if fe r  from i ts  maximum 
value by more than a specified amount.
PASSBAND FILTER: An e le c trica l device which passes signals over a
defined frequency spectrum and re jects or attenuates signals outside 
th is  spectrum. The passband is  usually lim ited  to the 3 dB bandwidth.
BAND-REJECTION FILTER: An e le c trica l device which re jects signals over
a defined band (the stop band) and which passes signals outside th is  
band with l i t t l e  attenuation.
BONDING: The process of mechanically connecting together metal parts so
tha t they make low impedance e le c trica l contact fo r d.c. and a ll a .c. 
frequencies.
BROADBAND: A re la tive  or q u a lita tive  term used as a general measure o f
bandwidth occupancy in terms of being re la tiv e ly  narrow or broad. For 
some components, broadband may mean more than 20 percent bandwidth; fo r 
others i t  may mean one octave, one decade (10:1 frequency range) or 
other value. Further, the term broadband occasionally refers to e ithe r 
the amplitude or VSWR considerations, as applicable.
BROADBAND ANTENNAS: Antennas designed to operate over a substantial
range of frequencies in  such a manner that there is  a re la tiv e ly  small 
varia tion  of th e ir  characteristics over th is  range. Examples are:
(a) Biconical Antenna: An antenna formed by two s im ila r opposed cones
having a common axis and fed at the vertices, which are adjacent.
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(b) Log-periodic Antenna: An antenna in which the length and spacing of
the elements are in a logarithm ic ra tio .
(c) Conical Log-spiral Antenna (log-con ica l): An antenna formed from a
continuous conductor wound in  a spira l having logarithmic geometry.
BROADBAND DYNAMIC RANGE: The real-tim e dynamic range of a receiver (see
dynamic range) in the presence of a broadband emission. The broadband 
dynamic range is  always equal to or less than the narrowband dynamic 
range due to front-end saturation.
BROADBAND EMISSION: Emission which generates a spectrum o f radio noise
wider than the bandwidth of the measuring set. The measured values o f 
such interference w i l l ,  in general, depend on the type of voltmeter 
employed, i .e .  quasi-peak or peak. Broadband peak values are usually 
expressed in terms of microvolts or microamperes per un it bandwidth.
CALIBRATION: The process by which measuring equipment indications are
translatable to absolute units referred to one or more standards.
CONDUCTED: The coupling mode by which a voltage, current, or power is
d ire c tly  coupled with attenuation or gain from one network to another. 
In EMI, examples o f conducted coupling are a hard-wire-to-hard-wire, or 
current probe or voltage probe coupling. One type of conducted coupling 
is  through the powerline, signal or control leads, by which a potentia l 
in te fe ring  source may excite a p o te n tia lly  susceptible receptor.
CURRENT PROBE: A sensor which clamps around a wire and develops an emf
from the magnetic f ie ld  about the w ire. This permits a quick 
connect/disconnect method fo r sampling the current in the wire at e ith e r
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power or radio frequencies. In the la t te r  application, fo r EMI tes ting , 
the current probe drives a receiver and the transfer impedance is  
spec ific ; v iz , the ra tio  of output voltage to input current fo r a 50 ohm 
term ination.
DECIBEL: A measure of the ra tio  of two powers, P^  and P£. Decibel (dB)
is  equal to 10x1og (P2/P1 ). When impedances associated with both powers 
are equal, the voltage or current ra tio  in units of dB is  20xlog(V2/Vi), 
or 20x1og ( I 2/ I i ) .
dBm (decibels above 1 m ill iw a tt) :  A standard u n it o f narrowband signal 
or interference power based on a reference o f 1 m illiw a tt. Levels below 
1 mW bear a negative sign before the dBm equivalent. For a 50 ohm 
reference resistance, -107 dBm is  equivalent to 0 dBuV (1 m icrovolt) 
developed across 50 ohm.
dBuV (decibels above 1 m icrovo lt): A u n it of measurement of narrowband 
signal or interference based on a reference o f 1 m icrovolt. For a 50 
ohm reference resistance:-
0 dBuV ( i.e .  1 m icrovolt) across 50 ohm is  equivalent to -107 dBm. 
This is  a standard voltage reference fo r most EMI/RFI measurements.
dBW (decibels above 1 w att): A standard u n it of narrowband signal or
interference power based on a reference o f 1 watt. Levels below 1 watt 
bear a negative sign before the dBW equivalent.
NOTE: -107 dBm = -137 dBW, +30 dBm = 0 dBW
dB(uV)/MHz (decibels above 1 m icrovolt per Megahertz): A u n it of
measurement of broadband electromagnetic interference. I t  is  equal to 
the RMS value of a sine wave (unmodulated) applied to the input o f the
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measuring receiver at i ts  centre frequency tha t w il l  resu lt in  a peak 
detector response equal to that from the interference pulse being 
measured, divided by the impulse bandwidth o f the c irc u it  in  Megahertz.
DECADE: A frequency ra tio  of 10 to 1, such as 1 to 10 kHz or 30 to 300
MHz. One decade equals 3.32 octave.
DEVIATIONS FROM NORMAL: An undesired change in the standard reference
output occurring during a su sce p tib ility  te s t.
DYNAMIC RANGE: The real time range of signal accommodation in a
receiver amplitude-measuring instrument expressed in dB. This range
does not permit the use o f r f  attenuators. Dynamic range is  generally
lim ited  at low-signal levels to e ithe r in ternal receiver noise or levels 
required to drive a detector. I t  is  lim ited  at the high leve ls at the 
la s t stage of an IF am plifie r or post-detector am plifie r.
Sometimes e ithe r receiver front-end saturation or intermodulation l im it  
the highest signal level accommodation (c f broadband and narrowband 
dynamic range).
ELECTROMAGNETIC COMPATIBILITY (EMC): The a b il i ty  of e le c trica l and
electron ic equipment, sub-systems to share the electromagnetic spectrum 
and perform th e ir  desired functions without unacceptable degradation 
from or to the environment in which they e x is t.
EQUIPMENT UNDER TEST (EUT): The black box, equipment, sub-system or
other device where performance is  being measured. See also Test Sample.
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EMISSION SPECTRUM: Amplitude-versus-frequency re la tion  of a time
modulated c a rrie r. For transm itters, i t  may also include the e ffe c t of 
the antenna radiation pattern.
ELECTROMAGNETIC INTERFERENCE (EMI): Any e le c tr ic , magnetic or
electromagnetic disturbance, phenomenon, or emission which causes or is
l ik e ly  to cause unacceptable response, malfunction, or degradation of
performance of any avionic equipment, sub-system or system, or 
unacceptable degradation of the environment.
EMITTER: A generic term used to id e n tify  an intentional man-made 
radiator such as the antenna and transm itter associated with a radar, 
communications, navigation, telemetry, or jammer. In EMI the term is
also applied to unintentional radiators such as a piece of w ire , a
connector, a s lo t, or v ir tu a lly  any device which is  capable o f 
rad ia tion .
FIELD STRENGTH: In radio wave propagation, the magnitude of a component
o f specified po larisation o f the e le c tr ic  or magnetic f ie ld .
NOTE: The electromagnetic f ie ld  due to a conductor carrying an
o sc illa to ry  current is  complex and contains radiation and induction 
(1 /r , l / r 2 ,  1 /r3) terms. The radiation f ie ld  w il l  obey a 1 /r  law, 
w h ils t the induction fie ld s  w il l  obey 1 /r2 and 1 /r3 laws, where r  is  
the distance from source. At distances of less than a wavelength from 
the conductor, the induction fie ld s  are usually dominant and 
measurements of both the the magnetic and e le c tr ic  fie ld s  are desirable. 
The results should be expressed in appropriate un its , ( i .e .  amperes per 
metre or vo lts  per metre).
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FILTER: A device which provides signal transmission over defined
band(s) o f frequency and re jection  over other band(s). Some basic types
of f i l t e r s  are low-pass, high-pass and band-rejection f i l t e r s .
FREQUENCY-SELECTIVE VOLTMETER: A tunable, frequency-selective receiver
used as two-terminal voltmeter. For example, such a receiver may be 
used as a narrowband-conducted interference meter or a f ie ld - in te n s ity  
meter.
HARMONIC: An integer m ultip le  of a fundamental frequency.
HIGH-PASS FILTER: An e le c trica l device which passes signals above a
specified frequency, generally i t s  3 dB transmission-loss or cu to ff
frequency, and which re jects signals below th is  frequency.
IMPEDANCE (re fe rring  to Networks): The ra tio  of voltage to current.
IMPEDANCE (re fe rring  to space or media): The ra tio  o f the e le c tr ic  to
the m agnetic-fie ld. In the fa r f ie ld ,  i t  is  equal to 377 ohm. In the 
near f ie ld  i t  may be e ithe r greater or less than th is  depending upon the 
source characte ris tics.
IMPULSE BANDWIDTH: The average bandwidth o f the impulse response curve.
I t  is  approximately equal to 1.05 times the bandwidth at 6 dB maximum 
response.
IMPULSE: An isolated disturbance or a pulse o f duration short compared
with any repe tition  period. Regularly repeated impulses of constant 
amplitude w il l  generate a spectrum of discrete frequencies (Fourier
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components) each separated in frequency by an amount equal to the 
repe tition  frequency.
IMPULSE GENERATOR: A special-purpose, signal generator used fo r e ithe r
broadband ca lib ra tion  or network transmission-loss measurements. I t  has 
the properties of generating pulses of extremely short duration, 
ty p ic a lly  less than 1 nanosecond, fo r use up to 1 GHz.
Other values are also used depending upon frequency of in te re s t.
INSERTION LOSS: The ra tio  o f the power delivered to a load before the
insertion  of a network, such as a f i l t e r ,  to the power a fte r network 
inse rtion . The insertion loss is  often expressed in  dB and is  used to 
describe the ra tio  o f the corresponding voltages, provided terminating 
impedance have not changed with the network insertion .
INTERFERENCE: The manifestation of an emission at a receptor which
causes degradation in i t s  normal performance, the term is  often used to 
describe emanations from an em itting source without regard to whether i t  
may degrade the performance of the receptor. This rationale is  based on 
p rio r knowledge that emissions of certa in amplitudes w il l  cause a 
degradation of performance.
INTERFERENCE-FREE MEASUREMENT AREA: An area s u ff ic ie n tly  free from
emissions and s ite  re flections so that EMI tes t measurement results are 
not adversely affected.
INTERNAL NOISE: Electromagnetic disturbances o rig ina ting  in the
c irc u itry  of e lectronic equipment, such as shot noise, thermal 
ag ita tions, and power-line hum.
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INTERNAL NOISE LEVEL (INL): The to ta l receiver noise available at the
detector o f the measuring device, referred back to the input term inals.
An ind ication of the level is  obtained on the measuring equipment output 
display when a matched load is  connected to the receiver input.
KEYDOWN: For EMI antenna-conducted measurements, the tes t specimen
transm itter is  a transmit mode. Not applicable to receivers.
KEYUP: Transmitters in a standby or ready-to-transmit mode. Applied to
receivers in a ready-to-receive mode.
LINE IMPEDANCE STABILISING NETWORK (LISN): A network inserted in the
power supply lead of the apparatus to be tested which provides a 
specified measuring impedance fo r interference voltage (or current) 
measurements and isolates the apparatus from the power source a t radio 
frequencies.
LOW-PASS FILTER: An e le c trica l device which passes signals from d.c. up
to a specified frequency, generally the 3 dB transmission-loss or cu to ff 
frequency and which re jects signals above th is  frequency.
NARROWBAND DYNAMIC RANGE: The real-tim e dynamic range o f a receiver
(see dynamic range) in the presence of a narrowband emission. The 
narrowband dynamic range is  always equal to or greater than the 
broadband (dynamic range.
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NARROWBAND EMISSION: A type of emission which manifests i t s e l f  a t a
discrete frequency or a range of frequencies narrower than the
measurement bandwidths. Narrowband emission generally arises from the 
harmonics produced by equipment generating continuous o sc illa tio n s .
NOTE: A rectangular pulse tra in  which would normally be regarded as
broadband can manifest i t s e l f  as narrowband providing tha t the
generation of impulses is  fa ir ly  regular and tha t the pulse repe tition  
frequency is  comparable with or greater than the bandwidth o f the 
measuring equipment.
OCTAVE: A frequency ra tio  of 2 to 1, such as from 1 to 2 kHz or 500 to
1000 MHz; 3.32 octaves equal one decade.
ONE METRE ROD ANTENNA: A 1 metre equivalent rod or whip antenna used to
fie ld -s treng th  measurements. For the purpose of EMI specifica tion
tests , the rod is  loaded and some e ffo r t  to impedance-match i t  to the 
receiver has been made.
PEAK DETECTOR: A detecting device which removes the signal c a rr ie r , has 
a risetime less than the reciprocal o f the widest IF am plifie r bandwidth 
and which stretches the signal long enough to permit a meter, record, or 
p lo tte r to come up to fu l l  response before dumping.
POLARISATION: A term used to describe the orienta tion of the
e le c tr ic - f ie ld  vector o f a radiated f ie ld .
POWER DENSITY: A measure of the radiated power from an em itter at an
intercept point measured in units of watts/m2, or dB/m2.
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PULSED CW: A ca rrie r modulated by one of several types of pulse
modulations. Resulting emissions have a spectrum occupancy, which 
appears e ithe r narrowband or broadband depending upon both the pulse 
duration and the bandwidth.
RADIATION: The propagation of a signal or interference from an em itter
other than by conduction.
RADIATED INTERFERENCE: Propagated energy which produces e ither
malfunctioning or degradation o f e lectronic equipment performance.
RANDOM NOISE: A wideband signal characterised by a rb itra ry  amplitude,
frequency and phase re la tions.
RECEIVER: An electromagnetic instrument which transmits low -in tens ity ,
intercepted signals in to  high-level signals capable’ of d riv ing  a 
speaker, cathode-ray tube, meter, recorder, p lo tte r , or other display or 
readout device.
RESOLUTION: A measure o f the a b il i ty  of an instrument to d istinguish
between two signals closely spaced in e ithe r frequency or time. For a 
receiver, the frequency resolution approximates to the 3 dB bandwidth of 
the la s t predetector IF am plifie r. For a recorder, the time resolution 
approximates the reciprocal of the 3 dB frequency response.
SHIELDED ENCLOSURE: A screened or so lid  m eta llic  housing designed 
expressly fo r the purpose of iso la ting  the internal and external 
electromagnetic environments. The purpose is  to prevent outside ambient 
electromagnetic f ie ld s  from causing performance degradation and/or to 
prevent emissions from causing interference to outside a c t iv it ie s .
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SLIDEBACK CIRCUITS: To obtain a true peak signal reading, one method is
to use a slideback c ir c u it .  Such a c ir c u it  consists o f an adjustable 
bias on a detector which blocks signal voltages less than the required 
to overcome the bias. The bias is  adjusted manually u n til the output 
ind ication ju s t disappears. The level is  then calibrated by impulse 
generator substitu tion .
SPIKE: A high-frequency o sc illa to ry  varia tion  from the contro lled
steady-state level of a cha rac te ris tic . I t  results from the 
high-frequency currents of a complex waveform produced when reactive 
loads are switched.
SURGE: A varia tion  from the contro lled steady-state level of a 
characte ris tic  resu lting  from the inherent regulation o f the e le c tr ica l 
power supply system and remedial action by the associated control and 
protection equipment.
SUSCEPTIBILITY: The unacceptable responses, degradation or malfunction
o f equipment, sub-systems or systems.
SUB-HARMONIC: A fractiona l m ultip le  o f a fundamental signal.
TEST SAMPLE: The blackbox, equipment, sub-system or other device whose
performance is  being measured.
THRESHOLD OF SUSCEPTIBILITY: That level of interference a t which the
equipment under tes t begins to show an undesirable response.
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TRANSFER IMPEDANCE: The ra tio  of the output voltage to an input current
vs frequency fo r defined source and terminating impedances. The term is  
used to define the correction facto r to be used with current probes.
TRANSIENT: The short-term changing condition of a characte ris tic  tha t
goes beyond the steady-state lim its  and returns to the steady-state 
lim its  w ith in  a specified time period. Transients are commonly divided 
in to  surges and spikes.
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APPENDIX C REVISED CONDUCTED SUSCEPTIBILITY TEST -  FROM FS(F) 510
ACS 02 CONDUCTED SUSCEPTIBILITY, POWER, CONTROL AND SIGNAL LEADS
50kHz to 400MHz
C .l Introduction
This section describes the tes t procedure as defined in FS(F)510 as of 
December 1984, and has undergone many changes from i t s  o rig ina l 
conception in 1978. I t  is  now in  regular use.
C.2. Purpose
The purpose of the tes t is  to confirm tha t r f  signals in the range 50kHz 
to 400MHz, when coupled on to a tes t sample's interconnecting cable 
looms and power supply lines w il l  not cause e ither degradation o f 
performance or malfunction. In addition i t  w il l  provide an
amplitude/frequency malfunction signature fo r the system which, when 
compared with the levels of currents on the looms (or cables) due to the 
effects o f onboard and external transm itting sources and measured during 
clearance to service t r ia ls ,  w il l  assist in  the determination of
adequate safety margins.
C.3 A p p lica b ility
Cable looms which connect the tes t sample to other equipments in the
a irc ra ft  system (including primary power lines) or those interconnecting 
units of the tes t sample are subject to th is  te s t. Cable looms can be 
tested as a whole or individual wires can be tested. The looms or
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ind ividual wires to be tested w il l  be defined in the equipment tes t plan 
but some basic ground rules are :-
(a) A ll looms w il l  be tested as a whole, connector by connector.
(b) Primary power lines shall in addition be tested in d iv id u a lly , 
in jec ting  and monitoring on each lin e  in turn .
(c) On f l ig h t  safety c r i t ic a l equipment (including sub-systems 
resposible fo r the control and/or in it ia t io n  o f e lectro-explosive 
devices) individual wires or loom branches may be selected, by the 
Technical Authority, fo r testing in addition to (a) and (b) above.
C.4 Test Layout
Section 6 o f FS(F) 510 should be studied before commencement of the 
te s t. Figure 62 shows the layout fo r the te s t.
C.5 Apparatus
(a) Current in jec tion  probes AIL 93686-1   50kHz to 2MHz
36A.  ........................2MHz to 200MHz
37A ..........................200MHz to 400MHz
(b) Calibration j ig  fo r the current in jec tion  probes.
(c) Current monitoring probes - 50kHz to 400MHz.
(d) Signal source -  50kHz to 400MHz.
This am plifie r must be capable of supplying the fu l l  rated power in to  
the current in jec tion  probes (which have can have high VSWR) w ith a 
harmonic content o f less than 10%.
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( f )  Spectrum analyser or measuring receivers - 50kHz to 400MHz.
(g) D irectional coupler -  50kHz to 400MHz (e.g. Am plifier Research 
DC2000).
No other in jec tion  probes may be used without the express permission of 
the Technical Authority.
C.6 Test Method
C.6.1 General
Because of the wide range of c ir c u it  impedances and resonances, i t  is  
impractical to define the te s t lim its  in terms of the current flow in  
the loom or wire under te s t. Instead the lim its  are in terms o f the
forward power to the in jec tion  probe which gives defined currents in  the
ca lib ra tion  j ig .
The tes t procedure has two main elements :
( i )  Calibration of the current in jec tion  probes, which must be done
p rio r to each equipment te s t or series of tes ts .
( i i )  The equipment te s t.
C.6.2 Calibration procedure fo r the in jec tion  probe.
The fo llow ing ca lib ra tion  procedure shall be performed p r io r to the tes t 
or series o f tests using the same tes t equipment layout and probes as 
w ill be used fo r the tes t. The in jec tion  probe shall be in s ta lle d  in 
the ca lib ra tion  j ig  as shown in Figure 63. Figures 64 to 66 show
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constructional de ta ils  o f the ca lib ra tion  j ig  (courtesy of ERA 
Technology L td). This ca lib ra tion  j ig  shall be terminated in a 50 ohm 
50 watt r f  coaxial load at one end and a 50 ohm spectrum analyser or r f  
voltmeter a t the other (see figure  63). A 50 watt power attenuator w il l  
be required to protect the spectrum analyser. The VSWR of the 
terminations at both ends of the ca lib ra tion  j ig  shall be less than 
1.2:1 over the frequency range of the te s t. The in jec tion  probe is  fed 
with power from the signal source via the power am p lifie r, the lim its  
specifed fo r th is  te s t method are in terms of the current induced in the 
ca lib ra tion  j ig .  Two levels are used:
(a) An accept/reject level up to which the performance of the tes t
sample should not be affected.
(b) A tes t level which is  higher than the accept/reject level up to 
which the equipment is  tested to enable a malfunction signature to be 
obtained fo r the lin e  or cable loom under te s t. The tes t sample must be 
capable of being tested to th is  higher level without being permanently 
damaged.
The te s t signal supplied to the in jec tion  probe shall be increased u n til 
the voltmeter or spectrum analyser indicates that the accept/re ject 
level of current shown in figure  67 is  flowing in the ca lib ra tion  j ig .  
The forward power flow to the probe shall be recorded. The power shall
be increased u n til the tes t level current shown in figure 67 is  reached,
and the forward power is  again recorded. Thes measurements are to be 
made over the frequency range 50kHz to 400MHz at s u ffic ie n t in te rva ls  to 
ensure that amplitude variations are less than ldB between each 
measurement point.
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The ca lib ra tion  curves shall be shown in the tes t report. The forward 
powers to the current in jec tion  probes to give the two levels o f current 
shall be the accept/re ject level and the te s t level respectively, fo r 
the equipment te s t.
C.6.3 The equipment tes t
(a) This tes t may be applied to whole cable looms or individual 
conductors, those to be tested being defined in the equipment te s t plan. 
As a minimum requirement, the in jec tion  probe shall be connected around 
the complete cable loom and subsequently around any branches of tha t 
loom, in a ll cases the current monitor probe shall be connected around 
the complete cable loom 50mm from the connector (see (c) below).
(b) The ca lib ra tion  procedure described above shall be performed p r io r 
to the commencement of the tests .
(c) The current monitor probe, which is  used to measure the current 
actua lly induced on the loom or conductor under te s t, shall be f i t te d  
around the loom or conductor under tes t such that the face of the 
monitor probe nearest the tes t sample's connector is  50mm from tha t 
connector (figure  68). I f  the overall length of the connector and 
backshell exceeds 50mm, the monitor probe shall be placed as close to 
the connector's backshell and i ts  position noted in the tes t report.
(d) The current in jec tion  probe shall be f i t te d  around the loom or 
conductor under tes t such that the separation of the adjacent faces of 
i t  and the current monitor probe is  50mm. However i f  the loom is  less 
than 0.5m long than the in jec tion  probe shall be placed in the centre o f
-125-
the loom and the induced current measured 50mm from each connectors 
backshell.
(e) P rio r to the commencement o f the tes t on each loom as defined under 
C .6 .3 .(a ), a swept measurement of induced current per u n it forward power 
to the in jec tion  probe shall be made. The power level to the in jec tion  
probe should be of the order o f lmW. This tes t can be accomplished 
using the tes t arrangement of figure  68 but using a spectrum analyser 
with tracking generator. The measurements shall be graphically recorded 
in  the te s t report, with the induced current normalised fo r a forward 
power of 1 watt. This information w il l  aid the clearance agency in 
assessing how well the tes t in s ta lla tion  simulated the a irc ra ft  
in s ta lla tio n . These results should also be referred to when measuring 
the malfunction signature in ( f)  to ensure resonances in  the coupling 
are covered.
( f )  At each tes t frequency, the signal amplitude shall be gradually 
increased from zero u n til malfunction occurs or the tes t level is  
reached. Two parameters shall be recorded: the induced current in the
loom or wire (50mm from the connector under te s t as measured by the
monitor probe) and the forward power to the in jec tion  probe. The
induced current w il l  be used to provide information to the a irc ra ft
clearance agency and the forward power shall be assessed against the 
accept/re ject le ve l. Complete frequency coverage should be obtained by 
slowly sweeping between each tes t frequency to ensure the lowest 
su sce p tib ilit ie s  have been found and the fu l l  malfunction measured. 
Care must be taken to ensure "window e ffec ts" i .e .  a malfunction which 
appears and then disappears with increasing in jected signal are not 
missed. The applied r f  in jec tion  signal shall be modulated in 
accordance with the requirements of section 6.23 of FS(F)510.
-126-
(g) At frequencies where the tes t sample is  susceptible, the signal 
amplitude shall be reduced u n til a threshold of su sce p tib ility  is  
determined. Check fo r hysteresis in  signal amplitudes by decreasing and 
then increasing through the susceptibity threshold. The lesser of the 
two shall be recorded.
(h) The equipment w il l  have to be designed to withstand the overtest 
level without suffering permanent damage.
C.7 Test Lim its
The tes t sample shall not be susceptible to cw or modulated signals at 
or below the assept/reject level at any frequency in the range 50kHz to 
400MHz. The modulation used shall be defined in the equipment tes t
plan. when using modulated signals the amplitude shall be tha t
indicated by the peak detector o f an EMI receiver.
The EUT shall be subjected to incresing power up to the tes t level as ^p 
defined above and figure 67 or u n til malfunction, whichever is  the 
sooner, in  order to establish malfunction thresholds above the te s t 
level without suffering damage. The maximum injected current shall also 
be lim ited  to 200mA (50 kHz -  2 MHz) and 1A (2 - 400 MHz) a t the 
accept/reject level and double these figures a t the tes t leve l.
NOTE - For systems with w iring feeding to or from external stores or 
con tro lling  EED's, the accept/reject level should be a minimum o f 6dB 
above tha t shown in figure 67. The tes t level shall be the same as
shown as th is  is  lim ited  by the in jec tion  probe characte ris tics . The
maximum current at the accept/reject level in th is  case shall be lim ited
-127-
to 400 mA (50 kHz - 2 MHz) and 2A (2 -  400 MHz) and double these figures 
at the te s t leve l.
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Figure 1 Typical layout for EMC equipment t e s t s
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Figure 2 C ircu it deta ils  o f the Line Impedance S tab ilisa tio n  
Network.
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Figure 15 Position  of biconical antenna as spec ified  in FS(F)510
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Figure 48 Variation in coupling by monitor probe movement on a 
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Figure 53 Real and image wires ,  cores and impedances
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Figure 54 Low level swept te s t -  f ie ld  ca lib ra tion
FOL
PRE-RMP
CURRENT
PROBE
20 metre s e p a r a t io n  d is ta n c e
OPTICRL
FIBRE
BROROBRNO RNTENNRS
INSTRUMENTATION
TRAILER
EUT
FOL
COMPUTER
SPECTRUM
RNRLYSER
POWER
RMP
Figure 55 Low level swept te s t -  current measurement
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Figure 56 Typical horizontal f ie ld  strength (HF band)
VERTICAL HF FIELD AT 20 METRES DISTANCE -  2 METRES HEIGHT
140
120
100
60
6 0 3 02520
FREQUENCY MHz
Figure 57 Typical ve r t ica l  f i e ld  s trength  (HF band)
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Figure 58 Typical wave impedance of the horizontal f ie ld
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Figure 59 Typical wave impedance of the ve r t ic a l  f i e ld
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Figure 60 Currents induced on a loom by v e r tic a lly  and 
horizon ta lly  polarised fie ld s
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Figure 61 Typical p lo t  of the uncorrected induced loom curren t
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Figure 62 Test  layout  fo r  ACS02 t e s t
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Figure 63 Test configuration fo r the ca lib ra tion  of the in jec tion  
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Figure 64 Constructional d e t a i l s  of the c a l ib ra t io n  j i g
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Figure 65 Constructional d e ta i l s  of the c a l ib ra t io n  j i g  (continued)
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Figure 66 Constructional d e ta i l s  of the c a l ib ra t io n  j i g  (continued)
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